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(54) Coloring composition containing a pigment coated by a polyhydroxyalkanoate 



(57) The invention provides coloring composition for 
color filters making use of a pigment, in which the dis- 
persed state of the pigment is stable without using any 
surfactant, and so aggregation is hard to occur, and 
which permits formation of high-definition and high- 
quality images excellent in color rendition, transparency 
and contrast, and a simple production process thereof, 



by which the use of surfactants can be abolished, or the 
amount of surfactants used can be reduced to a great 
extent. The coloring composition for color filters is pro- 
vided by using at least a coloring material obtained by 
coating at least part of surfaces of pigment particles with 
polyhydroxyalkanoate, and a dispersion medium for the 
coloring material. 



FIGURE 



o o o o 



i i i i i i i 



13 

-12 
-11 
-10 



CM 
CM 

CM 
CO 
CM 



Q_ 
111 



-51 



M4 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP. 



.1262229A1J_> 



EP 1 262 229 A1 

Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a coloring composition useful for production of a color filter used in a color 
liquid crystal display device. 

10 Related Background Art 

[0002] As a representative system of color liquid crystal display devices such as color liquid crystal displayers and 
color video cameras, there is mainly adopted a color filter system in which a color filter is provided in the interior or 
exterior of a liquid crystal cell., and a liquid crystal is used as an optical shutter. 

15 [0003] This color filter is generally produced by forming a fine colored pattern on a transparent substrate such as 
glass or an opaque substrate such as silicon with three coloring compositions of red (R), green (G) and blue (B) colors. 
[0004] Dyes have heretofore been often used in these coloring compositions. However, pigments having excellent 
light fastness and heat fastness, particularly, organic pigments have come to be often used in place of the dyes because 
the dyes have limits in light fastness and heat fastness though they are excellent in color characteristics. 

20 [0005] For example, Japanese Patent Application Laid-Open Nos. 58-46325 and 60-184203 disclose color filters 
with pigment particles dispersed in a polyimide resin. Japanese Patent Application Laid-Open Nos. 5-224007 and 
5-224008 disclose color filters with pigment particles dispersed in methylol melamine or silanol oligomer. 
[0006] When the conventional pigment-containing coloring compositions are used, however, occurrence of pixel 
unevenness, lowering of transmittance : lowering of color rendition, etc. are caused because the dispersed state of fine 

25 pigment particles is unstable, and so aggregation is easy to occur. There is thus a demand for further improvements 
from the viewpoints of contrast and transparency that are required of color filters. 

[0007] In order to solve these problems, it is thus conducted to microencapsulate a pigment in a coloring composition 
for color filters to evenly disperse the pigment. For example, Japanese Patent Application Laid-Open Nos. 63-95401 , 
63-254402, 2-91602, 4-9001 and 9-230131 describe a process for producing a color filter by dispersing a microencap- 

30 sulated pigment in a transparent resin binder and applying the resultant dispersion to a substrate. 

[0008] These conventional microcapsules are prepared by any of various chemical preparation processes, for ex- 
ample, an interfacial polymerization process (a process in which two monomers or reactants are separately dissolved 
in a dispersed phase and a continuous phase, and the monomers are polymerized at an interface between both phases 
to form a wall film), a suspension polymerization process (a process in which a core material is dispersed in a monomer 

35 in an aqueous medium, and the temperature of the system is then raised to form a wall film), an emulsion polymerization 
process (a process in which a water-insoluble monomer is added to an aqueous medium in which a surfactant has 
been dissolved, the mixture is stirred to take the monomer in the micelle of the emulsifier, and the monomer is polym- 
erized in the micelle to form a wall film), an in-situ polymerization process (a process in which liquid or gaseous monomer 
and catalyst, or two reactive substances are fed from either a continuous phase or a core particle side to cause a 

40 reaction, thereby forming a wall film), a coacervation (phase separation) process (a process in which a polymer solution 
in which core particles have been dispersed is separated into a thick phase having a high polymer concentration and 
a dilute phase to form a wall film), and a submerged drying process (a process in which a liquid with a core material 
dispersed in a solution of a wall film material is prepared, the dispersion is poured into a liquid, in which the continuous 
phase of the dispersion is not miscible, to prepare a complex emulsion, and the medium, in which the wall film material 

45 has been dissolved, is gradually removed to form a wall film). 

[0009] In the microcapsules prepared in accordance with these conventional processes, however, surfactants such 
as suspension stabilizers and emulsifiers, which are used in plenty, remain in capsules or on capsule films, and so 
there is a demand for further improvements from the viewpoints of water fastness of colored images after application 
of coloring compositions and adhesion of the colored images to substrates. 

50 [0010] In an electrodeposition process which is one of the production processes of a color filter, hydrophilic coloring 
compositions are used, and so a surfactant or the like must be used in plenty when an ordinary hydrophobic resin is 
used. Therefore, the same improvements as described above are desired. 

[0011] Japanese Patent Application Laid-Open No. 8-313718 thus discloses a process in which an anionic polymer 
is used to prepare microcapsules by emulsion polymerization without using any surfactant, and the microcapsules are 
55 self-dispersed in the resulting hydrophilic coloring composition without using any surfactant. However, this process 
has been complicated in operation because a solvent contained in the hydrophilic reaction solution must be distilled 
off by distillation or the like after the preparation of the microcapsules. 

[0012] In these conventional production processes, a dispersion medium is also contained in the microcapsules in 
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addition to a pigment, anr^TO the density of the pigment occupied in the microcapHTTes cannot be raised in some cases. 
In such a case, there is a demand for further improvements from the viewpoint of uses of a color filter of which high- 
quality images high in definition and resolution are required. 

5 SUMMARY OF THE INVENTION 

[0013] It is an object of the present invention to provide a coloring composition for color filters making use of a 
pigment, in which the dispersed state of a pigment is stable without using any surfactant, and so aggregation is hard 
to occur, and which permits formation of high-definition and high-quality images excellent in color rendition, transpar- 
10 ency and contrast, and a simple production process thereof, by which the use of surfactants can be abolished, or the 
amount of surfactants used can be reduced to a great extent. 

[0014] In order to achieve the above object, the present inventors have carried out an extensive investigation. As a 
result, it has been found that a polyhydroxyalkanoate (hereinafter may be abbreviated as "PHA") synthetic enzyme is 
immobilized on a pigment for color filters, and 3-hydroxyacyl coenzyme A (3-hydroxyacyl CoA) is added thereto and 

15 reacted, whereby the pigment can be easily encapsulated in fine microcapsules without using any surfactant, that at 
that time, the pigment can be encapsulated at a high density because the surface of the pigment i-SCoAted directly 
with PHA, and that the composition of PHA, which is a shell of the microencapsulated pigment, can be optionally set 
so as to have hydrophilicity, lipophilicity or any other nature by suitably selecting the kind of the 3-hydroxyacyl CoA. It 
has also been found that a microencapsulated pigment improved in various properties can be provided by subjecting 

20 the PHA to chemical modification. More specifically, for example, it has been found that a graft chain is introduced in 
the PHA, whereby a microencapsulated pigment in which at least a part of a pigment i-SCoAted with a PHA having 
various properties attributable to the graft chain can be provided. Further, it has been found that the PHA is crosslinked, 
whereby a microencapsulated pigment in which at least a part of a pigment i-SCoAted with a PHA having desired 
physicochemical properties (for example, mechanical strength, chemical resistance, heat resistance, etc.) can be pro- 

25 vided. In the present invention, the term "chemical modification" means that a chemical reaction is performed in a 
molecule of a polymeric material, between molecules thereof or between the polymeric material and another chemical 
substance, whereby the molecular structure of the polymeric material is modified. The term "crosslinking" means that 
a polymeric material is chemically or physicochemically bonded in its molecule or between molecules thereof to form 
a network structure. The term "crosslinking agent" means a substance added for conducting the crosslinking reaction . 

30 and having certain reactivity to the polymeric material. 

[0015] It has been found that owing to the above-described properties, the microencapsulated pigment has good 
dispersibility in the resulting hydrophilic, lipophilic or amphipathic coloring composition without using any surfactant by 
suitably selecting the kind of the PHA and can hence form images excellent in color rendition, transparency and contrast, 
and the images formed are excellent in water fastness and adhesion to substrates, thus leading to completion of the 

35 present invention. 

[0016] According to the present invention, there is thus provided a coloring composition for color filters, comprising 
a coloring material obtained by coating at least a part of pigment particles with PHA, and a dispersion medium for the 
coloring material. 

[0017] According to the present invention, there is also provided a coloring composition for color filters, comprising 
40 a coloring material obtained by coating at least a part of pigment particles with hydrophilic PHA, and a dispersion 
medium for the coloring material. 

[0018] According to the present invention, there is further provided a process for producing a coloring composition 
for color filters containing a coloring material and a dispersion medium for the coloring material, which comprises the 
steps of: 

45 performing a synthetic reaction of a polyhydroxyalkanoate using a 3-hydroxyacyl CoA as a substrate in the pres- 

ence of a polyhydroxyalkanoate-synthesizing enzyme immobilized on the surfaces of pigment particles dispersed in 
an aqueous medium, thereby coating at least a part of the surfaces of the pigment particles with the polyhydroxyal- 
kanoate to obtain a coloring material, and 

dispersing the coloring material in a dispersion medium. 

50 [0019] In particular, the production process comprises the step of using a 3-hydroxyacyl CoA having an anionic 
functional group to coat at least a part of the surfaces of the pigment particles with an anionic PHA, thereby obtaining 
a coloring material. 

[0020] In the present invention, the coloring material has a structure in which at least a part of the surfaces of pigment 
particles i-SCoAted with a polyhydroxyalkanoate, and it is not always necessary to coat the whole surfaces of the 
55 pigment particles so far as the intended properties of the coloring material are achieved. In the state that the whole 
surfaces has been coated, a microencapsulated pigment in which the pigment particles are used as a core, and the 
coating layer of the polyhydroxyalkanoate is used as a shell is provided as a coloring material. 



BNSDOCID: <EP 1262229A1_I_> 



EP 1 262 229 A1 

BRIEF DESCRIPTION OFTf^^AWINGS 

F i 8 a,a is a ooaa-secioaa, «. »— „ . — ,a, amaaura 0, a Co, **. ^ «ica 
according to the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0022] The present invention will hereinafter be described in more detail. 
10 <PHA> 

[0023] No particular .imitation is imposed on PHA usable in the present ir^on so far as it is a PHA which can be 
Ssized by a PHA-synthesi.ing enzyme which «"*£^ b £^ a ° ™ A yme using, as a substrate, an 
[0024] The biosynthesis of PHA is performed by a various metabo.ic pathways (for 

R)-3-hydroxyacy. COA formed from various alkanocac* ,as ^^^^^ Wett ^t^vtilftm^ 

for coenzyme A, and the chemical structure thereof is as follows: 



20 



25 



30 




j /HI A C\ 



0 

HO CH 3 O O 



NH ^SH 



" [0025, Reartionsuntilanafcanoic^ 

by the PHA-synthesizing enzyme will hereinafter be shown. 
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35 



[0026] On the other hand, in the case of passing through a fatty acid synthesis pathway, it is considered that an (R)- 
3-hydroxyacyl CoA converted from an (R)-3-hydroxyacyl-ACP (ACP means acyl carrier protein) formed in the pathway 
is used as a substrate, and PHA is synthesized by the PHA synthase in the same manner as described above. 
40 [0027] It is known that PHA can be synthesized in vitro by taking the PHB synthase or PHA synthase out of a strain, 
and the following examples are present. 

[0028] For example, Proc. Natl. Acad. Sci. USA, 92, 6279-6283 (1995) succeeds in synthesizing a PHB composed 
of a 3-hydroxy-n-butyric acid unit by causing a 3-hydroxybutyryl CoA to act on a PHB synthase derived from Alcaligenes 
eutrophus. Int. J. Biol. Macromol. , 25, 55-60 (1 999) succeeds in synthesizing a PHA composed of a 3-hydroxy-n-butyric 

45 acid unit or 3- hydroxy- n- valeric acid unit by causing a 3-hydroxybutyryl CoA or 3-hydroxyvaleryl CoA to act on a PHB 
synthase derived from Alcaligenes eutrophus. In this literature, it is also reported that when a racemic 3-hydroxybutyry! 
CoA was reacted, a PHB composed of an (R)-3-hydroxy-n-butyric acid unit alone was synthesized. Macromol. Rapid 
Commun., 21, 77-84 (2000) also reports PHB synthesis in vitro using a PHB synthase derived from Alcaligenes eu- 
trophus. FEMS Microbiol. Lett., 168, 319-324 (1998) succeeds in synthesizing a PHB composed of a 3-hydroxy-n- 

50 butyric acid unit by causing a 3-hydroxybutyryl CoA to act on a PHB synthase derived from Chromatium vinosum. Appl. 
Microbiol. Biotechnol., 54, 37-43 (2000) succeeds in synthesizing a PHA composed of a3-hydroxy-decanoic acid unit 
by causing a 3-hydroxydecanoyl CoA to act on a PHA synthase derived from Pseudomonas aeruginosa. 
[0029] As described above, PHA synthases are enzymes catalyzing a final stage in a PHA synthesizing reaction 
system in vivo. Accordingly, all PHAs known to be synthesized in vivo come to be synthesized by the catalytic action 

55 of such enzymes. It is thus possible to produce microencapsulated pigments with a pigment coated with all kinds of 
PHAs, which have been known to be synthesized in vivo, by causing a 3-hydroxyacyl CoA corresponding to the desired 
PHA to act on such an enzyme immobilized on a substrate in the present invention. 

[0030] As specific examples of PHAs used in the present invention, may be mentioned PHA having at least one of 
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represent" the following formulae [1 ] to [1 0]. 
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R1 
I 



-(-0— CH— CH— C0 +* 



[1] 



S of R1 and -a- is an, .1 .he rawing comotnatjons. 

a monam.r unit in wt** R1 Is a halogen atoni and s is an, an 9 ^ lnt , ger sattotad from 1 to 10. 
a monomer unit in which R1 is 
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and "a" is any one 



integer selected from 1 to 7. 
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[23 



CH 2 )b 

— (-O— CH— CH— CO-}" 



( H) atom, a halogen atom, -CN, -NO* -CF 3 , -C 2 F 5 and C 3 P 7 . 
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[3] 



jCH 2 )c 
O — -CH — CH— CO-^- 



wherein "c" is any one integer selected from 1 to 8, and R3 is any one selected from the group consisting of a hydrogen 
(H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 . 




[4] 



(CH 2 )d 



(— O CH — CH— CO-^- 



35 



wherein "d" is any one integer selected from 0 to 7, and R4 is any one selected from the group consisting of a hydrogen 
(H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 . 



40 



45 



50 




CO 



jCH 2 )e 

-f-O— CH— CH— C0-)- 



[5] 



55 wherein "e" is any one integer selected from 1 to 8, and R5 is any one selected from the group consisting of a hydrogen 
■(H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 , -C 3 F 7 -CH 3 , -C 2 H 5 and -C 3 H 7 . 
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(CH 2 >f 



[6] 



(— O — CH — CH~ CO— 



wherein T is any one integer selected from 0 to 7. 
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<CH 2 )g 
O CH — CH— CO-)- 



[7] 



30 wherein "g" is any one integer selected from 1 to 8. 
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[8] 



(CH 2 )h 

CH— CH— CO-)- 



wherein "h" is any one integer selected from 1 to 7, and R6 is any one selected from the group consisting of a hydrogen 
(H) atom, a halogen atom, -CN, -N0 2 , -COOR\ -SOgFT, -CH 3 , -C 2 H 5 , -C 3 H 7 , "CH(CH 3 ) 2 and -C(CH 3 ) 3 , in which R' is 
any of a hydrogen (H) atom, Na, K, -CH 3 and -C 2 H 5 , and R" is any of -OH, -ONa, -OK, a halogen atom, -OCH 3 and 
50 -OC 2 H 5 . 
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R7 




S 



[9] 



:CH 2 )i 

{— O — CH— CH— CO^ 



wherein "i" is any one integer selected from 1 to 7, and R7 is any one selected from the group consisting of a hydrogen 
(H) atom, a halogen atom, -CN, -N0 2 , -COOR' and -S0 2 R" : in which R' is any of a hydrogen (H) atom, Na, K, -CH 3 
and -C 2 H 5j and R" is any of -OH, -ONa, -OK, a halogen atom, -OCH 3 and -OC 2 H 5 . 



wherein "j" is any one integer selected from 1 to 9. 

[0031] Incidentally, specific examples of the halogen atom in the above formulae include fluorine, chlorine and bro- 
mine. 

[0032] Specific examples of the 3-hydroxyacyl CoA used as a substrate in the syntheses of the PHA include 3-hy- 
droxyacyl CoAs represented by the following formulae [12] to [21]. 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and the combination of R1 and "a" is at least one selected 
from the group consisting of the following combinations and corresponds to the combination of R1 and "a" in the 
monomer unit represented by the formula [1 ]: 

a monomer unit in which R1 is a hydrogen (H) atom, and "a" is any one integer selected from 0 to 10; 

a monomer unit in which R1 is a halogen atom, and "a" is any one integer selected from 1 to 10; 

a monomer unit in which R1 is a carboxyl group or a salt thereof, and "a" is any one integer selected from 1 to 1 6; 

a monomer unit in which R1 is a chromophoric group, and "a" is any one integer selected from 1 to 10; and 

a monomer unit in which R1 is 




[10] 



OH 



R1 — (CH 2 )a — C— CH— CO— SCoA 



[12] 
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O 

— C— CH 2 
H 



and "a" is any one integer selected from 1 to 7. 



OH 

//V-CHr(CH,)b-CH-CH— CO— SCoA [ 1 3] 



X _/ " 
R2 — 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "b» corresponds to "b" in the monomer unit represented 
by the formuia [2] and is any one integer selected from 

by the formula [2] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen atom, -CN, 
20 -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 . 



R3 



OH 

\~0 — (CH 2 )c-CH-CH— CO— SCoA [14] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "c» corresponds to "c» in the monomer unit represented 
by the formula [3] and is any one integerselected from 1 to 8, and R3 corresponds to R3 in the monomer un,t represented 
by the formula [3] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen atom, -CN, 
-N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 . 

OH 

jC V-CH-(CH 2 )d-CH-CH— CO— SCoA [15] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, »d» corresponds to "d» in the monomer un,t represented 
by the formula [4] and is any one integerselected from 0 to 7, and R4 corresponds to R4 in the monomer unit represented 
by the formula [4] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen atom, -CN, 
45 -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 . 

OH 

so (/, V-CO-(CH 2 )e-CH-CH— CO— SCoA [16] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, »e» corresponds to V in the monomer unit represented 
by the formula [5] and is any one integerselected from 1 to 8, and R5 corresponds to R5 in the monomer un,t represented 
by the formula [5] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen atom, -CN, 
-NQ 2 , -CF 3 , -C 2 F 5 , -C 3 F 7 -CH 3 , -C 2 H 5 and -C 3 H 7 . 



10 



BNSDOCID: <EP 1262229A1J_> 



EP 1 262 229 A1 



OH 
I 



CH-(CH 2 )f-CH-CH— CO— SCoA 



[17] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and T corresponds to "f" in the monomer unit represented 
by the formula [6] and is any one integer selected from 0 to 7. 

10 

OH 



15 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and "g" corresponds to "g" in the monomer unit represented 
by the formula [7] and is any one integer selected from 1 to 8. 

20 



25 R6 



OH 

-(CH 2 )h-CH-CH— CO— SCoA [1 9] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "h" corresponds to "h" in the monomer unit represented 
by the formula [8] and is any one integerselected from 1 to 7, and R6 corresponds to R6 in the monomer unit represented 
30 by the formula [8] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen atom, -CN, 
-N0 2 , -COOR', -S0 2 R'\ -CH 3 , -C 2 H 5; -C 3 H 7 , -CH(CH 3 ) 2 and -C(CH 3 ) 3 , in which R' is any of a hydrogen (H) atom, Na, 
K, -CH 3 and -C 2 H 5> and R" is any of -OH, -ONa, -OK, a halogen atom, -OCH 3 and -OC 2 H 5 . 



35 OH 

R7 



OH 

J^J— C~S — (CH 2 )i— CH-CH— CO— SCoA [20] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "i" corresponds to V in the monomer unit represented 
by the formula [9] and is any one integerselected from 1 to 7, and R7 corresponds to R7 in the monomer unit represented 
by the formula [9] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen atom, -CN, 
-N0 2 , -COOR* and -S0 2 R H , in which R' is any of a hydrogen (H) atom, Na, K, -CH 3 and -C 2 H 5 , and R" is any of -OH, 
45 -ONa, -OK, a halogen atom, -OCH 3 and -OC 2 H 5 . 



OH 

so [TV~? (CH 2 )j— CH-CH— CO— SCoA [21 ] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and "j" corresponds to "j" in the monomer unit represented 
55 by the formula [1 0] and is any one integer selected from 1 to 9. 

. [0033] As the PHA making up the microencapsulated pigment, one having a hydrophilic functional group is used, 
whereby the microencapsulated pigment can be dispersed in the resulting hydrophilic coloring composition while re- 
ducing the use of a surfactant. Any hydrophilic functional group may be used, and an anionic functional group may be 
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: fuSal group may be used, and a carboxy. group > mfll I 
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particularly used. Examples 

used. Further, any anionic funWna. group may £ _ uMj»a ^^^'^ViLduced by at .east one of 
of a PHA having the carboxyl group include PHAs in which a carboxyi g 
monomer units represented by the formula 



COOH 

(CH 2 )k [113 



10 



— ^ — O — CH — CH~ CO— ^ 



wherein V is any one integer selected from 1 tolO. mon omer unit derived from 3-hydroxy- 

[0034] More specifically, among the above-mentioned PHAs, a PHA navi g 
is pimelic acid represented by the formula 

COOH 

jCH 2 ) 3 [23] 
— (-O— CH— CH—-CO-)— 
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may be exemplified. substrate for introduction of the monomer unit represented 

OH 

HOOC-(CH 2 )k— C-CH— CO— SCoA [22] 

„ • o^.rt an ri"k" corresponds to "k" in the monomer unit represented 

^^^^^^^^^ 

OH , 

HOOC— (CH 2 )— CH-CH r CO— SCoA [24] 

I0036] — 

mine. No particular limitation is .mposed I on ^^jg^J™ J desirable that a methylene chain having 1 to 5 
affected by the catalytic action of the PHA ■J^ 9 -"^^ ^ ha. been bonded, and the chromophoric group 
carbon atoms be present between the of the coloring composition containing the 

in view of steric hindrance upon the synthesis of *e polyme * s can be expect ed more effective 

LToencapsulated pigment coated with the ^TZZ cZZ ^pTZ of the pigment. Examples of the 
coloring ability by, for example, the combined act,o ^^^™ han J xantne ne. acridine, quino.ine, meth.ne. 

S-X^ — ' 0XaZin6 ' thiaZin6 ' " 

none, phthalocyanine and indigoid. 
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is^m the present invention, may also be used a random^c 



[0037] As the PHA usePm the present invention, may also be used a randoWreopolymer or block copolymer con- 
taining a plurality of the monomer units described above, whereby the properties of the functional groups contained in 
the respective monomer units can be utilized to control the properties of the PHA ? impart a plurality of functions to the 
PHA and develop new functions using interactions between the functional groups. 
5 [0038] The compositions such as the kind and concentration of the 3-hydroxyacyl CoA as a substrate are changed 
with time, whereby the monomer unit composition of the PHA can be changed in a direction from the inside of the 
pigment toward the outside. In the case of, for example, a microencapsulated pigment for fabrication of a color filter 
by an ink-jet system, thereby, plural functions such as excellent blocking resistance upon storage and excellent low- 
temperature fixing ability upon fixing can be given at the same time by forming a PHA having a high glass transition 
10 temperature in a skin layer of the microencapsulated pigment and a PHA having a low glass transition temperature in 
an inner layer thereof. 

[0039] For example, when the coated structure must be formed with a PHA having low affinity for a pigment, a base 
material is first coated with a PHA having high affinity for the base material, and the monomer unit composition of the 
PHA having high affinity for the pigment can be changed to a monomer unit composition of the intended PHA in a 
15 direction from the inside toward the outside to form, for example, a multi-layer structure or gradient structure, whereby 
a PHA film firmly bonded to the pigment can be formed. 

[0040] A graft chain is introduced into the PHA of the skin layer of the microencapsulated pigment, whereby a mi- 
croencapsulated pigment having properties attributable to the graft chain can be provided. The PHA of the skin layer 
of the microencapsulated pigment is crosslinked, whereby a microencapsulated pigment having excellent mechanical 
20 strength can be provided. 

[0041] PHAs synthesized by the PHA synthases used in the structures according to the present invention are gen- 
erally isotactic polymers composed of R-configuration alone. 

[0042] A 3-hydroxyacyl CoA, which is a substrate for synthesis of a PHA, can be synthesized for use in accordance 
with a process suitably selected from among, for example, an in vitro synthesis process using an enzyme, an in vivo 
25 synthesis process using an organism such as a microorganism or plant, a chemical synthesis process, etc. In particular, 
the synthesis process using the enzyme is a generally used process in the synthesis of the substrate, and there are 
known processes using the following reaction making use of a commercially available acyl CoA synthase (Acyl CoA 
ligase, E.C.6.2.1.3) (Eur. J. Biochem., 250, 432-439 (1997); Appl. Microbiol. Biotechnol., 54, 37-43 (2000), etc.). 



30 Acyl CoA synthase 



3-Hydroxyalkanoic acid + CoA -» 3-Hydroxyacyl CoA 

[0043] In synthetic processes using an enzyme or organism, a batch type synthesis process may also be used, or 
35 an immobilized enzyme or immobilized cell may be used to perform continuous production. 



<PHA synthase and productive bacteria> 

[0044] As a PHA synthase used in the present invention, may be used that produced by a microorganism suitably 
40 selected from microorganisms that produces such an enzyme, or by a transformant obtained by introducing a PHA 
synthase gene of such a microorganism into a host microorganism. 

[0045] As the microorganisms producing the PHA synthases : may be used PHB- or PHB/V-producing bacteria. As 
such bacteria, may be used Aeromonas 

sp., Alcaligenes sp., Chromatium sp., Comamonas sp., Methylobacterium sp., Paracoccus sp. and Pseudomonas sp., 
45 and besides Burkholderia cepacia KK01 strain, Ralstonia eutrophaTB64 strain, Alcaligenes sp. TL2 strain which have 
been isolated by the present inventors. Incidentally, the KK01 strain, TB64 strain and TL2 strain are deposited as 
Accession Nos. FERM BP-4235, FERM BP-6933 and FERM BP-6913, respectively, in Patent Microorganism Deposit 
Center, Institute of Bioscience and Human -Technology, Ministry of Economy and Industry. 

[0046] As the microorganisms producing the PHA synthases, may be used mci-PHA- or unusual-PHA-producing 
50 bacteria. As such bacteria, may be used Pseudomonas aureovorans, Pseudomonas resinovorans, Pseudomonas 61 -3 
strain, Pseudomonas putida KT2442 strain and Pseudomonas aeruginosa, and besides microorganisms of Pseu- 
domonas sp. such as Pseudomonas putida P91 strain, Pseudomonas cichorii H45 strain, Pseudomonas cichorii YN2 
strain and Pseudomonas jessenii P1 61 strain which have been isolated by the present inventors, and microorganisms 
of Burkholderia sp. such as Burkholderia sp. OK3 strain (FERM P-17370) described in Japanese Patent Application 
55 Laid-Open No. 2001-78753, Burkholderia sp. OK4 strain (FERM P-17371) described in Japanese Patent Application 
Laid-Open No. 2001 -69968. In addition to these microorganisms, microorganism belonging to Aeromonas sp. : Coma- 
monas sp. t etc. and producing mcl-PHA and unusual-PHA may also be used. 

[0047] Incidentally, the P91 strain, H45 strain, YN2 strain and P1 61 strain are internationally deposited as Accession 
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VPely in Patent Microorganism 

the basis of Budapest Treaty on the .nternat.ona ^ ^ present 

Patent Procedure. mirmQraa nisms used in the production of the PHA . and act ivated state 

curs P^£i,««^Hs2^^ 

enzymatic activ.ty .s P res ^ O . a b ^^' ab0Ve . de scribed method. This ,s cons.de red to be a t cuUurefrom 
the logarithmic growth phase to the mrt.al stage 



35 Na 2 HP0 4 :6.2g 
KH 2 P0 4 : 3.0 g 
NaCl: 0.5 g 
NH 4 CI: 1 .0 g 



40 



45 



(Trace component solution) 



[0053] 

Nitrilotriacetic acid. 1 .5 g 
MgS0 4 . 3.0 g 
so MnS0 4 : 0.5 g 

NaCl: 1 .0 g 

FeS0 4 : 0.1 g 

CaCl 2 : 0.1 g 

CoCt 2 : 0.1 g 
55 ZnS0 4 : 0.1 g 

CuS0 4 : 0.1 g 

AiK(S0 4 ) 2 : 0.1 g 

h 3 bo 3 : 0.1 g 
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Na 2 Mo0 4 : 0.1 g 
NiCI 2 : 0.1 g 

(in 1 liter of the medium). 

5 [0054] The temperature of the culture may be any temperature so far as the above strain can be well grown. For 
example, 1 4 to 40°C, preferably 20 to 35°C is suitable. 

[0055] A transformant obtained by introducing a PHA. synthase gene owned by the PHA-producing bacterium may 
be used to produce a desired PHA synthase. Cloning of the PHA synthase gene, preparation of a manifestation vector 
and preparation of the transformant can be performed in accordance with the methods known per se in the art. In a 

10 transformant obtained by using a bacterium such as Escherichia coli as a host, examples of a medium used in the 
culture include complex media and synthetic media, for example, LB and M9 media. The culture is aerobically performed 
at a temperature within a range of from 25 to 37°C for 8 to 27 hours, thereby growing the microorganisms. Thereafter, 
the bacteria can be collected to recover the PHA synthase accumulated in the bacteria. An antibiotic such as kanamycin, 
ampicillin, tetracycline, chloramphenicol or streptomycin may be added to the medium as needed. When an inducible 

15 promoter is used in the manifestation vector, an inducer corresponding to the promoter may be added to the medium 
upon the culture of the transformant to facilitate manifestation. Examples of the inducer include iso propyl -p-D-thiog a- 
lactopyranoside (IPTG), tetracycline and indol acrylic acid (IAA). 

[0056] . As the PHA synthase, a crude enzyme such as a fracture liquid of the microorganisms, an ammonium sulfate- 
salted out substance obtained by precipitating a protein component with ammonium sulfate or the like and collecting 
20 it may also be used. Alternatively, a purified enzyme purified by any of various methods may be used. Stabilizers and 
activators such as metal salts, glycerol, dithiothreitol, EDTA and bovine serum albumin (BAS) may be suitably added 
to the enzyme as needed. 

[0057] Any methods may be used for isolation and purification of the PHA synthase so far as the enzymatic activity 
of the PHA synthase is retained. For example, a crude enzyme solution obtained by rupturing the resultant microbial 

25 strain by means of a French press, ultrasonic breaker, lysozyme or any of various kinds of surfactants and centrif uging 
it, or an ammonium sulfate-salted out substance prepared therefrom is treated by a means such as affinity chroma- 
tography, cation- or anion-exchange chromatography or gel filtration or a suitable combination thereof, whereby a 
purified enzyme can be obtained. In particular, a recombinant protein can be more simply purified by its manifestation 
in the form of a fused protein with a "tag" such as a histidine residue bonded to an N terminal or C terminal and bonding 

30 it to an affinity resin through this tag. In order to isolating the intended protein from the fused protein, it is better to use 
a method such as scission with a protease such as thrombin or blood coagulation factor Xa, lowering of pH, or addition 
of a high-concentration imidazole as a bonding competitor. Alternatively, when the tag contains an intein like the case 
where pTYB1 (product of New England Biolab Co.) is used as a manifestation vector, scission is performed under 
reducing conditions with dithiothreitol. As fused proteins which permits the purification by affinity chromatography, 

35 glutathione-S-transferase (GST), chitin-bonded domain (CBD), maltose-bonded protein (MBP) and thioredoxin (TRX) 
are also publicly known in addition to the histidine tag. The GST fused protein can be purified with a GST affinity resin. 
[0058] Activity measurement of the PHA synthase can be performed by using the already known various methods. 
For example, the measurement can be performed in accordance with the following process using a measurement 
principle that CoA released in the course of a process in which a 3-hydroxyacyl CoA is polymerized into a PHA by the 

40 catalytic action of the PHA synthase is colored with 5,5"-dithiobis (2-nitrobenzoic acid) to conduct measurement. Re- 
agent 1 : Dissolving bovine serum albumin (product of Sigma Co.) at a concentration of 3.0 mg/ml in 0.1 M Tris hydro- 
chloride buffer (pH: 8.0); Reagent 2: Dissolving 3-hydroxyoctanoyl CoA at a concentration of 3.0 mM in 0.1 M Tris 
hydrochloride buffer (pH: 8.0); Reagent 3: Dissolving trichloroacetic acid at a concentration of 1 0 mg/ml in 0.1 M Tris 
hydrochloride buffer (pH: 8.0); Reagent 4: Dissolving 5,5"-dithiobis (2-nitrobenzoic acid) at a concentration of 2.0 mM 

45 jn 0.1 M Tris hydrochloride buffer (pH: 8.0). First reaction (PHA synthesis reaction): Reagent 1 (100 uJ) is added to a 
sample (enzyme) solution (100 iU), they are mixed, and the mixture was preincubated at 30°C for 1 minute. After 
Reagent 2 (100 u.l) was added to the mixture and mixed, and the resultant mixture was incubated at 30°C for 1 to 30 
minutes, Reagent 3 was added to terminate the reaction. Second reaction (Coloring reaction of free CoA): The first 
reaction mixture the reaction of which has been terminated is centrifuged (15,000 x g, 10 minutes), and Reagent 4 

50 (500 jxi) is added to the resultant supernatant (500 After the mixture was incubated at 30°C for 10 minutes, its 
absorbancy is measured at 412 nm. Calculation of enzymatic activity: An amount of the enzyme that releases 1 \imo\ 
of CoA per 1 minute is regarded as 1 unit (U). 

<Preparation process of coloring composition> 



[0059] As an example of a preparation process of a coloring composition using the microencapsulated pigment 
according to the present invention, may be mentioned a process comprising the steps of (1) dispersing a pigment in 
an aqueous medium, (2) immobilizing a polyhydroxyalkanoate synthase on the pigment dispersed in the aqueous 
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medium, (3) adding a 3-hydro; 



;yl CoA as a substrate, (4) performing a PHA synti 



reaction and (5) processing 



the resultant microencapsulated pigment into a coloring composition. 

[0060] The step of dispersing the pigment in the aqueous medium is conducted by adding one or more pigments 
selected to the aqueous medium to perform a dispersing treatment and then classifying the dispersed pigment particles 
to particle diameters within the desired range if necessary. 

[0061] The pigments used in the present invention may be either organic or inorganic. However, they are desirably 
excellent in heat fastness and light fastness. As examples of organic pigments, may be mentioned pigments of the 
azo, phthalocyanine, benzoimidazolone, quinacridone, isoindolinone, pyranthrone, dibromoanthanthrone, indan- 
throne, anthrapyrimidine, flavanthrone, perylene, perinone, quinophtharone, phtharone, thioindigo, indigo, dioxazine, 
anthraquinone, xanthene, methine and azomethine types, and otherf used polycyclic pigments including metal complex 
types. As examples of inorganic pigments, may be mentioned Milori blue, iron oxide, cobalt violet, manganese violet, 
ultramarine blue, cobalt blue, Cerulean blue, viridian, emerald green and cobalt green. One or more pigments may be 
suitably selected for use from these pigments. The above-mentioned pigments may also be used after subjected to 
publicly known various surface treatments. Examples of the surface treatments include treatments with surfactants, 
coupling treatments and treatments with pigment derivatives. 

[0062] The dispersing treatment can be performed by means of a homomixer, horizontal minimill, ball mill, roll mill, 
sand grinder, attritor, ultrasonic treatment and/or the like. The treatment may also be conducted by a method in which 
the mixture is passed through a number of nozzles under a liquid pressure of at least 1 ,000 psi (about 70.3 kg/cm 2 ) in 
a liquid jet interacting chamber. 

[0063] The particle diameter of the dispersed pigment is at least 0.7 |xm or smaller, preferably 0.01 to 0.4 \irr\ from 
the viewpoints of light transmission property and evenness of film surface, and the particles are desirably monodis- 
persed. When the particle diameter of the pigment dispersed does not fall within the desired range, the particle diameter 
can be controlled by conducting classification by filtration, precipitation or the like. 

[0064] The particle diameter of the dispersed pigment can be measured by the already known method such as 
absorptometery, static light scattering method, dynamic light scattering method or centrifugal sedimentation method. 
For example, a particle diameter measuring device such as Coulter Counter Multisizer may be used. 
[0065] The composition of the aqueous medium for the synthesis reaction in this step may be any one so far as it 
can disperse in the desired state and does not interfere with the subsequent steps, i.e., the step of immobilizing the 
enzyme on the pigment and the step of performing the PHA synthesis reaction. However the composition of the aque- 
ous medium in this step may also be made a composition capable of causing the activity of the PHA synthase. As the 
composition capable of causing the activity of the PHA synthase, may be used, for example, a buffer. As the buffer, 
may be suitably used a general buffer used in biochemical reactions, for example, acetate buffer, phosphate buffer, 
potassium phosphate buffer, 3-(N-morpholino)propane-sulfonate (MOPS) buffer, N-tris (hydroxymethyl)methyl-3-ami- 
nopropanesulfonate (TAPS) buffer, Tris hydrochloride buffer, glycine buffer or 2-(cyclohexylamino)ethane-sulfonate 
(CHES) buffer. The concentration of the buffer capable of causing the activity of the PHA synthase may be used at an 
ordinary concentration, i.e., a concentration ranging from 5 mM to 1.0 M, preferably from 10 to 200 mM. The pH is 
adjusted so as to be 5.5 to 9.0, preferably 7.0 to 8.5. However, the conditions may be set outside the above range 
according to the optimum pH and pH stability of the PHA synthase used. 

[0066] Inorderto retain the dispersed state of the pigment in the aqueous medium, a proper surfactant may be added 
so far as it is the kind and concentration not inhibiting the subsequent steps, and besides the kind and concentration 
not inhibiting the object of the coloring composition according to the present invention. As examples of such a surfactant, 
may be mentioned anionic surfactants such as sodium oleate, sodium dodecylsulf onate, sodium dodecylsulf ate, sodium 
dodecyl-N-sarcosinate, sodium cholate, sodium deoxycholate and sodium taurodeoxycholate; cationic surfactants 
such as cetyltrimethylammonium bromide and dodecylpyridinium chloride; amphoteric surfactants such as 3-((chola- 
midopropyl)dimethylammonio)-1 -propanesulfonic acid (CHAPS), 3-((3-cholamidopropyl)-dimethylammonio)-2-hy- 
droxy-1 -propanesulfonic acid (CHAPSO), palmitoylresorcin, dodecyl-f*-alanine; and nonionic surfactants such as octyl 
glucoside, octyl thioglucoside, heptyl thioglucoside, decanoyl-N-methyl glucamide (MEGA-10), polyoxyethylene do- 
decyl ether (Brij, Lubrol), polyoxyethylene isooctyl phenyl ether (Triton X), polyoxyethylene nonyl phenyl ether (Nonidet 
P-40, Triton N), polyoxyethylene fatty acid esters (Span) and polyoxyethylene sorbitol esters (Tween). 
[0067] In order to retain the dispersed state of the pigment in the aqueous medium, a proper co-solvent may be 
added so far as it is the kind and concentration not inhibiting the subsequent steps, and besides the kind and concen- 
tration not inhibiting the object of the coloring composition according to the present invention. As the co-solvent, one 
or more selected from linear hydrocarbons such as hexane; monohydric alcohols such as methanol and ethanol; pol- 
yhydric alcohols such as glycerol; and derivatives such as fatty acid ethers and carboxylic esters may be used. 
[0068] The step of immobilizing the PHA synthase can be performed by adding the PHA synthase to the pigment 
dispersion prepared above to subject it to an immobilizing treatment.' The immobilizing treatment may be optionally 
selected from the enzyme immobilizing methods usually performed so far as it can retain the activity of the enzyme 
and be applied to the desired pigment. Examples thereof include covalent bonding method, ionic adsorption method, 
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Di^Whod, physical adsorption method, affinity adsorption^ie 



hydrophobic adsorptiornWEhod, physical adsorption method, affinity adsorptiorHriethod, crosslinking method and lat- 
tice-type entrapping method. In particular, immobilizing methods utilizing ionic adsorption or hydrophobic adsorption 
are convenient. 

[0069] Enzyme proteins such as PH Asynthases are polypeptides to which a large number of amino acids are bonded, . 
5 exhibit a nature as an ionic adsorbent owing to amino acids having a free ionic group, such as lysine, histidine, arginine, 

asparagic acid and glutamic acid and/or have a nature as an hydrophobic adsorbent owing to amino acids having a 

free hydrophobic group, such as alanine, valine, leucine, isoleucine, methionine, tryptophan, phenylalanine and proline 

or in that they are organic polymers. Accordingly, they can be caused to be adsorbed on pigments having ionicity, 

hydrophobicity or both ionicity and hydrophobicity. 
10 [0070] In the method of immobilizing the PHA synthase mainly by the ionic adsorption method, it is only necessary 

to use a pigment developing an ionic functional group on its surface, and there can be used, for example, an inorganic 

pigment comprising a clay mineral or metal oxide as a main component. 

[0071] In the method of immobilizing the PHA synthase mainly by the hydrophobic adsorption method, it is only 
necessary to use a pigment the surface of which is nonpolar, and there can be used, for example, an organic pigment 
15 such as an azo pigment having a plurality of aromatic rings, or a fused polycyclic phthalocyanine pigment or anthraqui- 
none pigment, or an inorganic pigment composed of carbon crystals, such as carbon black. 

[0072] The immobilization of the PHA synthase on the PHA synthase by the ionic adsorption method or hydrophobic 
adsorption method is achieved by mixing the pigment and the PHA synthase in a prescribed aqueous medium so as 
to give a predetermined concentration. At this time, it is desirable to moderately shake or stir a reaction vessel in such 

20 a manner that the enzyme is uniformly adsorbed on the surface of the pigment. 

[0073] Since the polarity and quantity of surface charge and the hydrophobicity of the pigment and PHA synthase 
are changed by the pH and salt concentration of the aqueous medium in which the pigment and enzyme are mixed in 
the above immobilizing treatment, the composition of the aqueous medium is desirably adjusted in view of this matter. 
In the case of a pigment mainly having ionic adsorptivity, the quantity of charge contributing to the adsorption between 

25 the pigment and the PHA synthase can be increased by lowering the salt concentration. Opposite charges of both can 
be increased by changing the pH. In the case of a pigment mainly having hydrophobic adsorptivity, the hydrophobicity 
of both can be increased by raising the salt concentration. A composition suitable for the adsorption may also be preset 
by measuring electrophoresis, angle of wetting, or the like in advance to determine the charged states of the pigment 
and PHA synthase. Further, the composition may also be determined by directly measuring an adsorption between 

30 the pigment and the PHA synthase. The measurement of the adsorptionmay be conducted by, for example, a method 
in which a solution of the PHA synthase, the concentration of which has been already known, is added to a dispersion 
of the pigment, an adsorbing treatment is conducted, and an amount of the enzyme adsorbed is then determined by 
subtraction. 

[0074] In the case of a pigment hard to immobilize the enzyme by the ionic adsorption method or hydrophobic ad- 
35 sorption method, the immobilization by the covalent bonding method may also be used by performing a treatment 
taking the complication of the operation 

and the possibility of deactivating the enzyme into consideration as needed. Examples of such a process include a 
process in which a pigment having an aromatic amino group is diazotized, and the enzyme is bonded to this pigment 
by diazo coupling, a process of forming a peptide bond between a pigment having a carboxyl group and an amino 

40 group and the enzyme, a process of conducting alkylation between a pigment having a halogeno group and an amino 
group or the like of the enzyme, a process of crosslinking between an amino group of the solid particles and an amino 
group of the enzyme, a process of reacting a pigment having a carboxyl group and an amino group with the enzyme 
in the presence of a compound having an aldehyde group or ketone group and an isocyanide compound, and a process 
of conducting an exchange reaction between a pigment having a disulfide group and a thiol group of the enzyme. 

45 [0075] The enzyme may be immobilized on a pigment, into which a ligand has been introduced, by the affinity ad- 
sorption. As the ligand in this case, any ligand may be selected so far as it permits the affinity adsorption while retaining 
the enzymatic activity of the PHA synthase. The enzyme may also be immobilized by bonding another biopolymer such 
as a protein to the PHA synthase and subjecting the bonded biopolymer to affinity adsorption. The bonding between 
the PHA synthase and the biopolymer may be performed either by gene recombination or the like or chemically. For 

50 example, as will be described subsequently in Examples, glutathione-S-transf erase is fused with the PHA synthase 
by transformation, and the fused protein is bonded to Sepharose, into which glutathione as a ligand for the glutathione- 
s-transferase has been introduced, by affinity adsorption, whereby the enzyme can be immobilized. 
[0076] A polyhydroxyalkanoate synthase can also be immobilized on the surface of a pigment by fusing a peptide 
containing an amino acid sequence having the bonding ability to the pigment with the polyhydroxyalkanoate synthase 

55 to manifest it on the basis of the bonding property between a peptide moiety of the amino acid sequence having the 
bonding ability to the pigment and the pigment. 

[0077] The amino acid sequence having the bonding ability to the pigment can be determined by, for example, screen- 
ing of a random peptide library. In particular, a phage display peptide library prepared by linking a random synthetic 
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gene to, for example, an N-teirrWfal side gene of a surface protein (for example, ge^PTll protein) of an M13 phage 
may be preferably used. In this case, however, the determination of the amino acid sequence having the bonding ability 
to the pigment is conducted by the following procedures. Namely, the phage display peptide library is added to and 
contacted with the pigment, and a bonded phage and unbonded phage are then separated from each other. The 
5 pigment-bonded phage is dissolved out with an acid or the like, neutralized with a buffer and then infected with Es- 
cherichia coii to amplify the phage. This sorting is repeated several times, thereby concentrating a plurality of clones 
having the bonding ability to the intended pigment. In order to obtain a monoclone, colonies are prepared on a medium 
plate in a state infected with Escherichia coii again. After the respective monocolonies are cultured in a liquid medium, 
a phage present in a supernatant of the medium is purified by precipitation, and a base sequence thereof is analyzed, 
10 whereby the structure of the peptide can be known. 

[0078] The amino acid sequence of the peptide having the bonding ability to the pigment obtained by the above- 
described process is utilized by fusing it with the polyhydroxyalkanoate synthase using ordinary gene engineering 
techniques. The peptide having the bonding ability to the pigment can be manifested by linking it to the N-terminal or 
C-terminal of the polyhydroxyalkanoate synthase. It can also be manifested by inserting a proper spacer sequence. 
15 As the spacer sequence, are preferred about 3 to about 400 amino acids, and the spacer sequence may also include 
any amino acids. Most preferably, the spacer sequence does not interfere with the functioning of the PHA synthase 
and with the bonding of the PHA synthase to the pigment. 

[0079] The pigment prepared by the above-described process, on which the enzyme has been immobilized, may be 
used as it is, and may also be used after subjecting to lyophilization or the like. 
20 [0080] When an amount of the PHA synthase that the amount of the CoA released in the reaction, by which the PHA 
is synthesized by the polymerization of the 3-hydroxyacyl CoA, is 1 jjxnol per minute is regarded as 1 unit (U), the 
amount of the enzyme immobilized on the pigment is preferably set within a range of from 1 0 units (U) to 1 ,000 units 
(U), desirably from 50 units (U) to 500 units (U) per gram of the pigment. 

[0081] The time required for the immobilizing treatment of the enzyme is desirably 1 minute to 24 hours, more de- 
25 sirably 10 minutes to 1 hour. Excess leaving at rest or standing is not preferred because aggregation of the pigment 
and lowering of the enzyme are incurred. 

[0082] The enzyme may be immobilized on the pigment by omitting last step of dispersing the pigment and directly 
adding the pigment before dispersing in the aqueous medium to the enzyme solution to conduct dispersion in the 
enzyme solution. In this case, the dispersion of the pigment in the aqueous medium is facilitated by virtue of electric 

30 repulsion and steric hindrance by the ionic functional group owned by the enzyme immobilized on the pigment, thereby 
making the addition of a surfactant to the aqueous medium unnecessary or reducing the amount thereof. 
[0083] The step of adding the 3-hydroxyacyl CoA as a substrate is achieved by adding a stock solution of the 3-hy- 
droxyacyl CoA separately provided to the aqueous dispersion of the enzyme-immobilized pigment obtained in last step 
so as to achieve the intended concentration. The 3-hydroxyacyl CoA as a substrate is added at the final concentration 

35 of generally 0.1 mM to 1 .0 M, desirably 0.2 mM to 0.2 M, more desirably 0.2 mM to 1 .0 mM. 

[0084] In the above step, the compositions such as the kind and concentration of the 3-hydroxyacyl CoA as a sub- 
strate in the aqueous reaction mixture are changed with time, whereby the monomer unit composition of the PHA 
covering the pigment can be changed in a direction from the inside of the pigment toward the outside. 
[0085] As a form of the pigment changed in the monomer unit composition of the PHA, may be mentioned, for ex- 

40 ample, a form that the pigment is covered with a layer of the PHA, in which a compositional change in the PHA film is 
continuous and a compositional gradient is formed in a direction from the inside of the microencapsulated pigment 
toward the outside. It may be prepared in accordance with , for example, a process in which a 3-hydroxyacyl CoA having 
a different composition is added into a reaction mixture while synthesizing the PHA. 

[0086] As another form, may be mentioned a form that the pigment is covered in the form of a multilayer with PHAs 
45 different in composition, in which a compositional change in the PHA film is stepwise. It may be prepared in accordance 

with, for example, a process in which a PHA is synthesized in a certain 3-hydroxyacyl CoA composition, a pigment 

during preparation is then recovered once from the reaction mixture by centrifugation or the like, a reaction mixture 

different in 3-hydroxyacyl CoA composition from the first reaction mixture is added to this pigment again. 

[0087] The step of performing the PHA synthesis reaction is performed by adjusting the composition of a reaction 
so solution so as to give a composition capable of causing the activity of the PHA synthase when the composition is not 

adjusted up to last step in order to provide a microencapsulated pigment of a desired form according to a PHA to be 

synthesized, and controlling the reaction temperature and time. 

[0088] The concentration of a buffer in the reaction solution capable of causing the activity of the PHA synthase may 
be an ordinary concentration, i.e., a concentration ranging from 5 mM to 1.0M, preferably from 1 0 to 200 mM. The pH 
55 is adjusted so as to be 5.5 to 9.0, preferably 7.0 to 8.5. However, the conditions may be set outside the above range 
according to the optimum pH and pH stability of the PHA synthase used. 

[0089] The reaction temperature is suitably set according to the properties of the PHA synthase used, but it is gen- 
erally set to 4 to 50°C, preferably 20 to 40°C. However, the conditions may be set outside the above range according 
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[0090] The reaction time is suitably selected and set from a range of generally from 1 minute to 24 hours, preferably 
from 30 minutes to 3 hours though it varies according to the stability and the like of the PHA synthase used. 
[0091] Although the microencapsulated pigment is obtained by this step, the monomer unit structure of the PHA 
5 forming the microcapsule thereof can be determined by using a compositional analysis by gas chromatography or the 
like, or a time of flight secondary ion mass spectrometer (TOF-SIMS) and ion sputtering technique after extracting the 
PHA from the microencapsulated pigment with chlorof6rm. 

[0092] No particular limitation is imposed on the molecular weight of the PHA. However, the number average mo- 
lecular weight thereof is desirably within a range of from 1,000 to 10,000,000, more preferably from 10,000 to 
10 10,000,000 in order to retain the strength of the microencapsulated pigment and the resulting colored layer and to 
develop the glass transition temperature which will be described subsequently. The molecular weight of the PHA may 
be determined by GPC (gel permeation chromatography) after extracting the PHA from the microencapsulated pigment 
with chloroform. 

[0093] Since the PHA can be directly applied to cover the pigment in the preparation process of the microencapsu- 
15 lated pigment according to the present invention, the density of the pigment in the microencapsulated pigment can be 
raised. In order to improve the dispersibility and mechanical strength of the microencapsulated pigment on the other 
hand, however, it is required to increase the covering amount of the PHA. As a result, the covering amount of the PHA 
is determined to be within a range of from 1 to 30% by mass, preferably from 1 to 20% by mass, more preferably from 
1 to 15% by mass in terms of a compositional ratio by mass to the pigment. 
20 [0094] The particle diameter of the microencapsulated pigment obtained through the above-described steps is gen- 
erally 1 jj.m or smaller, preferably 0.7 jj.m or smaller, more preferably 0.01 to 0.4 jam. The particle diameter of the 
microencapsulated pigment can be measured by the already known method such as absorptometery, static light scat- 
tering method, dynamic light scattering method or centrifugal sedimentation method. For example, a particle diameter 
measuring device such as Coulter Counter Multisizer may be used. 
25 [0095] The microencapsulated pigment obtained by this step may be subjected to various secondary processing or 
treatments such as chemical modification before use. 

[0096] For example, chemical modification is applied to the PHA in the skin layer of the pigment, whereby a micro- 
encapsulated pigment having more useful functions and properties can be provided. For example, a graft chain is 
introduced, whereby a microencapsulated pigment having various properties attributable to the graft chain can be 
30 provided. For example, polysitoxane, which will be described subsequently, is introduced as the graft chain, whereby 
a microencapsulated pigment improved in mechanical strength, dispersibility, weather resistance, water repellency 
(resistance), heat resistance, etc. can be provided. The PHA in the skin layer of the microencapsulated pigment is 
crosslinked, whereby the mechanical strength, chemical resistance, heat resistance, etc. of such a microencapsulated 
pigment can be improved. 

35 [0097] No particular limitation is imposed on the method of the chemical modification so far as it is a method that 
satisfies the object of achieving the desired functions and structure. As a proper method, may be used, for example, 
a method in which a PHA having a reactive functional group at its side chain is synthesized, and a chemical reaction 
of the functional group is utilized to conduct chemical modification. 

[0098] No particular limitation is imposed on the kind of the reactive functional group so far as it satisfies the object 
40 of achieving the desired functions and structure. For example, an epoxy group may be mentioned. A PHA having an 
epoxy group at its side chain can be subjected to chemical conversion like ordinary polymers having an epoxy group. 
More specifically, for example, it can be converted to a hydroxyl group, or a sulfone group can be introduced. In addition, 
a compound having a thiol or amine may also be added. For example, a compound having a reactive functional group 
at its terminal, specifically a compound having an amino group high in reactivity to the epoxy group at the terminal is 
45 added and reacted, whereby a graft chain of the polymer is formed. 

[0099] As examples of the compound having an amino group at the terminal, may be mentioned polyvinylamine, 
polyethylene-imine and amino-modified polymers such as amino-modified polysiloxane (amino-modified silicone oil). 
Of these, as the amino-modified polysiloxane, may be used commercially available silicone oil. Further, it may be 
synthesized for use in accordance with the process described in J. Amer. Chem. Soc, 78, 2278 (1 956). The addition 
so of the graft chain of the polymer is expected to bring about effects such as improvements in mechanical strength, 
dispersibility, weather resistance, water repellency (resistance), heat resistance, etc. 

[0100] As another example of the chemical conversion of the polymer having the epoxy group, may be mentioned 
a crosslinking reaction by using a diamine compound such as hexamethylene diamine, succinic anhydride, 2-ethyl- 
4-methylimidazole, or the like, and as an example of physicochemical conversion, may be mentioned a crosslinking 
55 reaction by electron beam irradiation. Of these, a reaction of a PHA having an epoxy group at its side chain with 
hexamethylene diamine is caused to progress in such a form as shown in the following scheme to form a crosslinked 
polymer. 
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[01 01 ] Since the microencapsulated pigment according to the present invention has a feature that the pigment density 
is high, and it is fine as described above, the use of a coloring composition containing the microencapsulated pigment 
permits forming images good in transparency and coloring property and excellent in contrast. 
15 [0102] The step of processing the microencapsulated pigment into a coloring composition is performed by adding 
the microencapsulated pigment obtained in last step to an aqueous medium or oily medium, further adding a photo- 
sensitive resin, photopolymerizable monomer, photo-induced polymerization initiator, thermosetting resin, thermoplas- 
tic resin : polymeric compound, etc. according to various production processes of a color filter and mixing such com- 
ponents. 

20 [0103] This step can be distinguished by a case where the coloring composition is hydrophilic and a case where it 
is lipophilic. 

[0104] In the case of the hydrophilic coloring composition, the microencapsulated pigment may be used as it is 
dispersed in the reaction mixture in last step. Alternatively, as described below, it may be used by recovering it from 
the reaction mixture, washing it in some cases, and then dispersing it in an aqueous medium of the intended coloring 
25 composition. For example, the microencapsulated pigment is recovered from the reaction mixture by the publicly known 
method such as suction filtration, pressure filtration or centrifugation, and dispersed in water or an aqueous solution, 
and this process is properly repeated. 

[0105] In the present invention, the microencapsulated pigment can be self-dispersed in an aqueous medium by 
selecting a hydrophilic PHA as the PHA making up the microcapsules, and the addition of a surfactant to the aqueous 

30 medium is unnecessary, or the amount of the surfactant added can be reduced. In order to aid the dispersion of the 
microencapsulated pigment in the aqueous medium, however, surfactants, protective colloid, water-soluble organic 
solvents, etc. may be added so far as they are the kinds and concentrations not inhibiting the objects of the resulting 
coloring composition when a not-hydrophilic PHA is used as the PHA making up the microcapsules or even when a 
hydrophilic PHA is used as the PHA making up the microcapsules. Preservatives, viscosity modifiers, pH adjustors, 

35 chelating agents, etc. may also be added. 

[0106] As the aqueous medium, may be used water or a mixture of water and a water-soluble organic solvent. A 
content of water in the coloring composition can be controlled to, for example, 20 to 95% by mass. 
[0107] Surfactants which may be added to the hydrophilic coloring composition may be any of anionic, cationic, 
amphoteric and nonionic. 

40 [0108] Examples of anionic surfactant include fatty acid salts such as sodium stearate, potassium oleate and semi- 
hardened sodium beef tallow fatty acid; alkylsulfate salts such as sodium dodecylsulfate, tri(2-hydroxyethyl)ammonium 
dodecylsulfate and sodium octadecylsulfate; benzenesulfonates such as sodium nonylbenzenesulfonate, sodium do- 
decylbenzenesulfonate, sodium octadecylbenzene-sulfonate and sodium dodecyl diphenyl ether disulfonate; naphtha- 
lenesulfonates 

45 such as sodium dodecylnaphthalene-sulfonate and naphthalenesulfonic acid-formalin condensates; sulfosuccinate 
salts such as sodium didodecyl sulfosuccinate and sodium dioctadecyl sulfosuccinate; polyoxyethylene sulfate salts 
such as sodium polyoxyethylene dodecyl ether sulfate, tri(2-hydroxyethyl)ammonium polyoxyethylene dodecyl ether 
sulfate, sodium polyoxyethylene octadecyl ether sulfate, sodium polyoxyethylene dodecyl phenyl ether sulfate; and 
phosphate salts such as potassium dodecylphosphate and sodium octadecylphosphate. 

so [0109] Examples of cationic surfactants include alkylamine salts such as ammonium octadecyl acetate and coconut 
amine acetate; and quaternary ammonium salts such as dodecyltrimethylammonium chloride, octadecyl -trim ethy lam - 
monium chloride, dioctadecyldimethylammonium chloride and dodecylbenzyldimethylammonium chloride. Examples 
of amphoteric surfactants include alkylbetaines such as dodecylbetaine and octadecylbetaine; and amine oxides such 
as dodecyldimethylamine oxide. 

55 [01 1 0] Examples of nonionic surfactants include polyoxyethylene alkyl ethers such as polyoxyethylene dodecyl ether, 
polyoxyethylene hexadecyl ether, polyoxyethylene octadecyl ether and polyoxyethylene (9-octadecenyl) ether; poly- 
oxyethylene phenyl ethers such as polyoxyethylene octyl phenyl ether and polyoxyethylene nonyl phenyl ether; oxirane 
polymers such as polyethylene oxide and copoly(ethylene oxide-propylene oxide); sorbitan fatty acid esters such as 
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sorbitan dodecanoatei^^titan hexadecanoate, sorbitan octadecanoate, sorbirah 9-octadecenate, sorbitan tri-9-octa- 
decenate, polyoxyethylene sorbitan dodecanoate, polyoxyethylene sorbitan hexadecanoate, polyoxyethylene sorbitan 
octadecanoate, polyoxyethylene sorbitan trioctadecanoate, polyoxyethylene sorbitan 9-octadecenate and polyoxyeth- 
ylene sorbitan tri-9-octadecenate; sorbitol fatty acid esters such as polyoxyethylene sorbitol tetra-9-octadecenate; and 
5 glycerol fatty acid esters such as glyceryl octadecanoate and glyceryl 9-octadecenate. Among these nonionic sur- 
factants, those having an HLB of 14 or higher are particularly preferred. These surfactants may be used either singly 
or in any combination thereof. No particular limitation is imposed on the amount used. However, it is desirably as little 
as possible, for example, at most 10% by mass based on the microencapsulated pigment. 

[0111] Specific examples of protective colloid which may be added to the hydrophilic coloring composition include 

10 natural proteins such as glue, gelatin, casein, albumin, gum arable and fish glue; and synthetic polymers such as alginic 
acid, methyl cellulose, carboxymethyl cellulose, polyethylene oxide, hydroxyethyl cellulose, polyvinyl alcohol, polyacr- 
ylamide, aromatic amides, polyacrylic acid, polyvinyl ether, polyvinyl pyrrolidone, acrylics and polyester. The protective 
colloids are used either singly or in combination of two or more thereof as needed for the purpose of adjusting fixing 
ability and viscosity and enhancing quick drying property. Its content in the hydrophilic coloring composition is preferably 

is 30% by mass or lower, particularly preferably 20% by mass or lower. 

[0112] Specific examples of water-soluble organic solvents which may be added to the hydrophilic coloring compo- 
sition include alcohols such as methyl alcohol, ethyl alcohol, n-butyl alcohol, isobutyl alcohol, tert-butyl alcohol, n-propyl 
alcohol and isopropyl alcohol; amides such as dimethylformamide and dimethylacetamide; ketones such as acetone 
and methyl ethyl ketone; ethers such as tetrahydrofuran, dioxane, ethylene glycol methyl ether, ethylene glycol ethyl 

20 ether, diethylene glycol methyl ether, diethylene glycol ethyl ether, triethylene glycol monomethyl ether and triethylene 
glycol monoethyl ether; polyhydric alcohols such as ethylene glycol, propylene glycol , butylene glycol , triethylene glycol, 
1 ,2,6-hexanetriol, thiodiglycol, diethylene glycol, polyethylene glycol, polypropylene glycol and glycerol; N-methyl-pyr- 
rolidone; and 1 ,3-dimethyl-2-imidazolidinone. These solvents may be used either singly or in any combination thereof. 
The content of the water-soluble organic solvents is preferably 95% by mass or lower, particularly preferably 80% by 

25 mass or lower. 

[0113] In the case where the microencapsulated pigment is used as a lipophilic coloring composition, the microen- 
capsulated pigment is recovered from the reaction mixture in last step by the publicly known method such as suction 
filtration, pressure filtration or centrifugation and washed as needed, and solvent replacement by a lipophilic solvent 
used is conducted repeatedly after drying this microencapsulated pigment or without drying it, thereby dispersing the 

30 microencapsulated pigment in the lipophilic solvent. 

[0114] As the lipophilic solvent in which the pigment is dispersed, any solvent may be used so far as it has low 
dissolving power to PHA and can stably disperse the pigment therein. For example, one or more selected from linear 
aliphatic hydrocarbons such as hexane, monohydric alcohols such as methanol and ethanoi, polyhydric alcohols such 
as glycerol, and derivatives such as fatty acid ethers and carboxylic esters may be used. 

35 [0115] As the photosensitive resin, any of the conventionally known photosensitive resins may be used, and exam- 
ples thereof include resins obtained by introducing a photo-crossiinkable group derived from a compound having a 
reactive unsaturated bond, such as a (meth)acrylic compound, cinnamic compound or vinyl ester compound in a linear 
polymer having a reactive substituent group such as a hydroxyl group, carboxyl group or amino group through an 
isocyanate group, aldehyde group, epoxy group or the like as needed. Further, linear polymers containing an acid 

40 anhydride in their structure units, such as styrene/maleic anhydride copolymers and ot-olefin/maleic anhydride copol- 
ymers, and those half-esterified by a (meth)acrylic compound having a hydroxyl group, such as a hydroxyalkyl (meth) 
acrylate may also be used as the photosensitive resins. These resins may be used either singly or in combination of 
two or more thereof as needed. The photosensitive resins are used within a range of generally from 5 to 90% by mass, 
preferably from 20 to 70% by mass based on the total solids in the coloring composition. 

45 [0116] Examples of the photopolymerizable monomer include monofunctional monomers such as nonylphenylcar- 
bitol acrylate, 2-hydroxy-3-phenoxypropyl acrylate, 2-ethylhexylcarbitol acrylate, 2-hydroxyethyl acrylate and N-vi- 
nylpyrrolidone; difunctional monomers such as tripropylene glycol diacrylate, triethylene glycol diacrylate, tetraethylene 
glycol diacrylate, polyethylene glycol diacrylate and bisphenol A diacrylate; Afunctional monomers such as trimethyl- 
olpropane triacrylate and pentaerythritol triacrylate, and other polyfunctional monomers such as dipentaerythritol pen- 

50 taacrylate and dipentaerythritol hexaacrylate. These photopolymerizable monomers may be used in combination of 
two or more as needed. The photopolymerizable monomers are used within a range of generally from 5 to 90% by 
mass, preferably from 20 to 70% by mass based on the total solids in the coloring composition. 
[0117] Examples of the photo-induced polymerization initiator include benzoin and alkyl ethers thereof, acetophe- 
nones, thioxanthones, ketals, benzophenones, anthraquinones, xanthones, triazines, and hexaarylbisimidazole com- 

55 pounds. These photo-induced polymerization initiators may be used in combination of two or more. The photo-induced 
polymerization initiators are used within a range of generally from 0.2 to 30% by mass, preferably from 2 to 20% by 
mass based on the total mass of the binder resin and the photopolymerizable monomer. 

[0118] As the thermosetting resin, any conventionally known resin maybe used. Examples thereof include urethane, 
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a particularly preferred c^rount is at most 20% by mass. 
[0132] A printing process is, for example, a process for producing a color filter, in which coloring compositions of R, 
G and B colors, each comprising a thermosetting resin and a pigment dispersed therein, are separately applied by 
repeated printing : and the resin to become each colored layer is then thermoset. 
5 [0133] As the above coloring compositions, both hydrophilic and lipophilic coloring compositions may be used. 

[0134] As the method of thermosetting the coating film, any method conventionally used may be used so far as the 
microencapsulated pigment can be heated to a temperature fusion-bonded by heat. For example, a laser may be used. 
In this case, a semiconductor laser, carbon dioxide laser, YAG laser, excimer laser, argon laser or the like may be used 
as a source for laser beam. 

10 [0135] An ink-jet process is a process for producing a color filter, in which coloring compositions respectively con- 
taining three pigments of R (red), G (green) and B (blue) colors are ejected by an ink-jet system on a transparent 
substrate to dry the respective coloring compositions. In such an ink-jet system, individual pixels of R, G and B can be 
formed at once to simplify the production process to a great extent and reduce the cost to a great extent. As the coloring 
compositions, may be used hydrophilic coloring compositions. 

*5 [0136] Besides, the coloring compositions according to the present invention may be suitably used in production 
processes of a color filter, such as spin coating process, roll coating process, dipping process, spraying process and 
electrophotographic process. 

[0137] In each of the above-described production processes of a color filter, when development by which non-fusion- 
bonded pigments are removed is required, water may be used as a developer, and an alkalifying agent, water-soluble 

20 organic solvent, surfactant and/or the like may be added to such a developer as needed. 

[0138] The thickness of the colored layer formed is within a range of from 0.1 to 1 0 ujn, preferably from 0.1 to 1 urn. 
If the colored layer is thinner than the lower limit of the above range, sufficient spectral properties cannot be achieved. 
If the layer is thicker, a difference in level between a portion where the colored layer has been formed and a portion 
not formed becomes great, resulting in deterioration of image quality. 

25 [0139] As the transparent substrate on which the colored layer is formed, is used a substrate which is insoluble in 
the coloring compositions and flat, for example, transparent glass, a transparent resin film, a metal plate, a ceramic 
plate or a solid image pickup device which is a photoelectric converter. A black matrix may be provided on the substrate. 
[0140] The black matrix can be formed by plating of a metal composition such as metal chromium on a substrate, 
or a photoetching of a deposited layer. The black matrix can also be formed with a negative photosensitive resin 

30 composition containing a black pigment such as carbon black or triiron tetroxide. Further, it can also be formed by an 
offset printing process or silk screen printing process with a synthetic resin composition containing a black pigment. 
Water-repellent portions or walls for preventing color mixing may also be provided at a part of light-screening portions 
of the black matrix. 

[0141] The colored layer may be provided directly on the substrate. However, a primer may also be provided between 
35 the colored layer and the substrate. The primer is provided for the purpose of effectively receiving inks and enhancing 
crusting property between a pigment particle layer and the substrate and is formed by a single layer or plural layers of 
a transparent organic thin film material. As transparent organic thin film materials having ink-receiving ability, are pre- 
ferred acrylic resins, epoxy resins and imide resins, and particularly cellulose derivatives such as hydroxypropyl cel- 
lulose, hydroxyethyl cellulose, methyl cellulose and carboxymethyl cellulose. In order to control the ink-receiving ability, 
40 some of the above-mentioned resins may be used as a blend. As a primer composed of an organic thin film material 
for enhancing the crusting property to the substrate, may be used a silane coupling agent or the like. The thickness of 
these primers is properly about 0.1 to 5 jxm though it varies depending on the kind of the organic thin film material and 
a layer structure. As a forming method thereof, may be used a method such as spin coating, roll coating, bar coating, 
spray coating or dip coating. 

45 [0142] Some transparent protective layer may also be provided on the colored layer formed. By this protective layer, 
the resistance to processing of the color filter, particularly, solvent resistance can be greatly improved. No particular 
limitation is imposed on the material for forming the protective layer so far as it is a materia) for protective film commonly 
used in color filters. Among others, a material of the acrylic or epoxy thermosetting type, or the photo-setting type is 
suitably used. Further, the substrate, on which the protective layer has been coated and formed, is baked by an oven, 

so hot plate or the like to form a coating film. The thickness of the protective layer is properly about 0.1 to 10 ujti though 
it varies according to the performance required. 

[0143] Figure illustrates a cross-sectional view of the basic construction of a color liquid crystal display device in 
which the color filter according to the present invention has been incorporated. In Figure, reference numeral 14 des- 
ignates a color filter, 1 a polarizing plate, 2 a transparent substrate such as glass, 3 a black matrix, 4 a primer, 5 a 
55 protective layer, 6 a common electrode, 7 an alignment film, 8 a liquid crystal compound, 9 an alignment film, 10 pixel 
electrodes, 11 a transparent substrate, 12 a polarizing plate, and 13 a back light. 

[0144] A liquid crystal display panel is generally formed by enclosing a liquid crystal compound in a space between 
a color filter and a substrate opposite thereto, which have been united to each other. As illustrated in Figure, on the 
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inside of the opposite substrate^^transparent pixel electrodes 1 0 are formed in thSiWi of a matrix. The color filter 
is provided in such a manner that colored portions of R, G and B colors are arranged at positions opposite to the pixel 
electrodes 10. The alignment films 7 and 9 are formed on the respective insides of both substrates. Liquid crystal 
molecules can be aligned or oriented in a fixed direction by subjecting these films to a rubbing treatment. Polarizing 
5 plates are bonded to the outer surfaces of the respective substrates. The liquid crystal compound is filled in a space 
between these substrates. As a back light, a combination of a fluorescent lamp and a scattering plate (both, not illus- 
trated) is generally used, and the liquid crystal compound is caused to function as an optical shutter for changing the 
transmittance of light 13 from the back light, thereby making a display. 

[0145] Incidentally, the coloring compositions according to the present invention and the preparation process thereof 
10 are not limited to those described above. 

[0146] The present invention will hereinafter be described more specifically by the following Examples. However, 
the following examples are examples of the best embodiments of the present invention, and the technical scope of the 
present invention is not limited to these examples. Incidentally, all designations of "%" as will be used in the following 
examples mean % by mass unless expressly noted. 

15 

REFERENTIAL EXAMPLE 1: 



Preparation of transformant having PHA synthase-producing ability: 



20 [0147] After an YN2 strain was cultured overnight at 30°C in 100 ml of an LB medium (1% polypeptone (product of 
Nippon Seiyaku K.K.), 0.5% yeast extract (product of Difco Co.), 0.5% sodium chloride, pH: 7.4), chromosome DNA 
was isolated and recovered by the method of Marmur et al. The resultant chromosome DNA was completely decom- 
posed by a restriction enzyme Hind III. pUC18 was used as a vector and cut by the restriction enzyme Hind III. After 
the terminal was subjected to dephsphorylation (Molecular Cloning, 1, 572 (1989); Cold Spring Harbor Laboratory 

25 Publisher), a DNA ligation kit Ver. II (product of Takara Shuzo Co., Ltd.) was used to link the cut site of the vector 
(cloning site) to the completely decomposed fragment of the chromosome DNA by Hind III. 

[0148] The chromosome DNA fragment- integrated plasm id vector was used to transform an Escherichia coli HB1 01 
strain, thereby prepare a DNA library of the YN2 strain. In order to select a DNA fragment containing a PHA synthase 
gene of the YN2 strain, a probe for colony hybridization was then prepared. Oligonucleotide composed of base se- 

30 quences set forth in SEQ ID NO:1 and NO:2 of SEQUENCE LISTING was synthesized (Amersham Pharmacia Biotech 
K.K.), and this oligonucleotide was used as a primer to perform PCR using the chromosome DNA as a template. The 
DNA fragment PCR-amplif ied was used as a probe. The labeling of the probe was conducted by utilizing a commercially 
available label enzyme system Alk Phos Direct (product of Amersham Pharmacia Biotech K.K.). The resultant labeled 
probe was used to select an Escherichia coli strain having a recombinant plasmid containing a PHA synthase gene 

35 from the chromosome DNA library of the YN2 strain by the colony hybridization method. From the selected strain, the 
plasmide was collected by the alkaline method, whereby a DNA fragment containing the PHA synthase gene was able 
to be obtained. Thus-obtained gene DNA fragment was recombined to a vector pBBR122 (Mo Bi Tec) containing a 
wide host range replicating region belonging to none of IncP, IncQ and IncW, which are incompatible groups. This 
recombinant plasmid was transformed to a Pseudomonas cichorii YN2ml strain (strain lacking in PHA synthesizing 

40 ability) by the e I ectrop oration method. As a result, the PHA synthesizing ability of the YN2ml strain was recovered to 
exhibit complementarity. Accordingly, it was confirmed that the selected gene DNA fragment contains a PHA synthase 
gene region capable of translating to a PHA synthase in the Pseudomonas cichorii YN2ml strain. 
[0149] With respect to this DNA fragment, the base sequence was determined by the Sanger's method. As a result, 
it was confirmed that base sequences set forth in SEQ ID NO:3 and NO:4, which encode peptide chains, respectively, 

4 5 are present in the determined base sequence. With respect to these PHA synthase genes, PCR was performed by 
using the chromosome DNA as a template to prepare a PHA synthase gene of a complete length. More specifically, 
an upstream-side primer (SEQ ID NO:5) and a downstream-side primer (SEQ ID NO:6) to the PHA synthase gene of 
the base sequence set forth in SEQ ID NO:3, and an upstream-side primer (SEQ ID NO:7) and a downstream-side 
primer (SEQ ID NO:8) to the PHA synthase gene of the base sequence set forth in SEQ ID NO:4 were respectively 

50 synthesized (Amersham Pharmacia Biotech K.K.). These primers were used to conduct PCR as to each of the base 
sequences set forth in SEQ ID NO:3 and NO:4, thereby amplifying the complete length of the PHA synthase gene 
(LA-PCR kit; product of Takara Shuzo Co., Ltd.). After the resultant PCR amplified fragment and a manifestation vector 
pTrc99A were cut with the restriction enzyme Hind III, and subjected to dephsphorylation (Molecular Cloning, Vol. 1 , 
p. 572 (1989); Cold Spring Harbor Laboratory Publisher), the DNA ligation kit Ver. II (product of Takara Shuzo Co., 

55 Ltd.) was used to link the DNA fragment containing the complete length of the PHA synthase gene, from which unnec- 
essary base sequences at both terminals were removed, to this cut site of the manifestation vector pTrc99A. 
[0150] Escherichia coli (HB1 01 , product of Takara Shuzo Co., Ltd.) was transformed with the resultant recombinant 
plasmids by the calcium chloride method. The resultant recombinants were cultured to amplify the recombinant plas- 
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mids, thereby recoverif^ffhe respective recombinant plasmides. The recombinant plasmid retaining the gene DNA of 
SEQ ID NO:3 and the recombinant plasmid retaining the gene DNA of SEQ ID NO:4 were regarded as pYN2-C1 and 
pYN2-C2, respectively. Escherichia co//"(HB1 01 fB, strain lacking in fadB) was transformed with pYN2-C1 and pYN2-C2 
by the calcium chloride method to obtain recombinant Escherichia coii strains, pYN2-C1 recombinant strain and 
5 pYN2-C2 recombinant strain retaining the respective recombinant plasmids. 

REFERENTIAL EXAMPLE 2: Production 1 of PHA synthase 

[0151] An oligonucleotide (SEQ ID NO:9) which become an upstream-side primer to pYN2-C1 and an oligonucleotide 

10 (SEQ ID NO: 10) which become a downstream-side primer were respectively designed and synthesized (Amersham 
Pharmacia Biotech K.K.). These oligonucleotides were used as primers, and pYN-2-C1 was used as a template to 
conduct PCR, thereby amplifying a complete length of a PHA synthase gene having a BamH I restriction site at the 
upstream and an Xho I restriction site at the downstream (LA-PCR kit; product of Takara Shuzo Co., Ltd.). 
[0152] Similarly, an oligonucleotide (SEQ ID NO:11) which become an upstream-side primer to pYN2-C2 and an 

15 oligonucleotide (SEQ ID NO:1 2) which become a downstream-side primer were respectively designed and synthesized 
(Amersham Pharmacia Biotech K.K.). These oligonucleotides were used as primers, and pYN-2-C2 was used as a 
template to conduct PCR, thereby amplifying a complete length of a PHA synthase gene having a BamH I restriction 
site at the upstream and an Xho I restriction site at the downstream (LA-PCR kit; product of Takara Shuzo Co., Ltd.). 
[0153] Purified respective PCR amplified products were digested with BamH I and Xho I to insert them into their 

20 corresponding sites of a plasmid pGEX-6P-1 (product of Amersham Pharmacia Biotech K.K.). These vectors were 
used to transform Escherichia coii (JM109) to obtain a strain for manifestation. The identification of the strain was 
conducted by a DNA fragment obtained by treating a plasmid DNA prepared in plenty using Miniprep (Wizard Minipreps 
DNA Purification System, product of PROMEGA Co.) with BamH I and Xho I. After the resultant strain was precultured 
overnight in 1 0 ml of an LB-Amp medium, a portion (0.1 ml) of the culture was added to 1 0 ml of an LB-Amp medium 

25 to conduct shaking culture at 37°C and 170 rpm for 3 hours. Thereafter, IPTG was added (final concentration: 1 mM) 
to continue the culture at 37°C for 4 to 1 2 hours. 

[0154] The IPTG -induced Escherichia coii was collected (8,000 x g, 2 minutes, 4°C) and resuspended at A 9 C in a 
phosphate-buffered saline (PBS; 8 g of NaCI, 1 .44 g of Na 2 HP0 4 , 0.24 g of KH 2 P0 4> 0.2 g of KCI, 1 ,000 ml of purified 
water) 1/10 as much as the Escherichia coii solution. The bacteria were broken by freeze-thaw and sonication, and 

30 solid impurities were removed by centrifugation (8,000 x g, 10 minutes, 4° C). After confirming the presence of the 
intended manifestation protein in a supernatant by SDS-PAGE, the induced and manifested GST-fused proteins were 
purified by glutathione Sepharose 4B (product of Amersham Pharmacia Biotech K.K.). The glutathione Sepharose 
used was subjected to a treatment for preventing non-specific adsorption in advance. More specifically, glutathione 
Sepharose was washed (8,000 x g, 1 minute, 4°C) three times with an equiamount of PBS, and an equiamount of 4% 

35 bovine serum albumin-containing PBS was added to conduct a treatment at 4° C for 1 hour. After the treatment, the 
glutathione Sepharose was washed twice with an equiamount of PBS and resuspended in PBS 1/2 as much as the 
glutathione Sepharose. The pretreated glutathione Sepharose (40 uJ) was added to a cell-free extract (1 ml), and the 
mixture was gently stirred at 4°C, thereby adsorbing the fused proteins GST-YN2-C1 and GST-YN2-C2 on the glu- 
tathione Sepharose. After the adsorption, the glutathione Sepharose was recovered by centrifugation (8,000 x g, 1 

40 minute, 4°C) and washed three times with PBS (400 uJ). Thereafter, 10 uJvl glutathione (40 was added, and stirring 
was conducted at 4°C for 1 hour to dissolve out the adsorbed fused proteins. After a supernatant was recovered by 
centrifugation (8,000 x g, 2 minutes, 4°C), it was dialyzed against PBS to purify the fused proteins. Single bonds were 
identified by SDS-PAGE. 

[0155] After each GST-fused protein (500 u.g) was digested with PreScission protease (product of Amersham Phar- 
45 macia Biotech K.K.; 5 U), it was passed through glutathione Sepharose to remove the protease and GST. A flowthrough 
fraction was further subjected to a Sephadex G200 column equilibrated with PBS to obtain final purified products of 
the manifested proteins YN2-C1 and YN2-C2. Single bonds of 60.8 kDa and 61 .5 kDa were respectively identified by 
SDS-PAGE. 

[0156] The enzymes were concentrated with a bio-solution sample concentrating agent (MIZUBUTORIKUN AB- 
50 1100, trade name, product of Ato K.K.) to obtain purified protein solutions (10 U/ml). 

[0157] The enzymatic activity of each of the purified proteins was determined in accordance with the method de- 
scribed above. The concentration of the protein in a sample was measured by a Micro BCA protein determination 
reagent kit (product of Pierce Chemical Co.). The measured results of the activities of the purified enzymes are shown 
in Table 1 . 
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Table 1 







Activity 


Specific activity 




pYN2-C1 


2.1 U/ml 


4.1 U/mg of protein 




pYN2-C2 


1 .5 U/ml 


3.6 U/mg of protein 



REFERENTIAL EXAMPLE 3: 



10 



15 



[0158] A PHA synthase-producing 2P91 strain, H45 strain : YN2 strain or P1 61 strain was planted in an M9 medium 
(200 ml) containing 0.5% yeast extract (product of Difco Co.) and 0.1% octanoic acid to conduct shaking culture at 
30°C and 125 strokes/min. After24 hours, the strain was recovered by centrifugation (10,000 x g, 4°C, 10 minutes) 
and resuspended in 0.1 M Tris-hydrochloride buffer (200 ml, pH: 8.0), and the suspension was centrifuged again, 
thereby washing the strain. After the strain was resuspended in 0.1 M Tris-hydrochloride buffer (2.0 ml, pH: 8.0) and 
broken by means of an ultrasonic breaker, a supernatant was recovered by centrifugation (12,000 x g,4°C, 10 minutes) 
to obtain a crude enzyme solution. 

[0159] The activity of each crude enzyme was determined by the above-described method, and the results thereof 
are shown in Table 2. 
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Table 2 





Activity 


P91 strain 


0.1 U/ml 


H45 strain 


0.2 U/ml 


YN2 strain 


0.4 U/ml 


P161 strain 


0.2 U/mt 



[0160] Each crude enzyme solution was concentrated with a bio-solution sample concentrating agent (MIZUBU- 
TORIKUN AB-1100, trade name, product of Ato K.K.) to obtain a crude protein solution (10 U/ml). 



REFERENTIAL EXAMPLE 4: Synthesis of 3-hydroxyacyl CoA 
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[0161] An (R)-3-hydroxypimelyl CoA was synthesized in the following manner based on Rehm BHA, Kruger N, Stein- 
buchel A (1998), Journal of Biological Chemistry, 273, pp. 24044-24051 though some changes were given. Acyl-CoA 
synthase (product of Sigma Co.) was 

dissolved in Tris-hydrochloride buffer (50 mM, pH: 7.5) containing 2 mM ATP, 5 mM MgCI2, 2 mM coenzyme A, 2 mM 
(R)-3-hydroxypimelic acid so as to give a concentration of 0.1 mU/|il. The solution was incubated in a hot bath of 37°C, 
and sampling was properly conducted to analyze the progress of the reaction by HPLC. Sulfuric acid was added to 
the sampled reaction solution so as to give a concentration of 0.02N to stop the enzyme reaction. Thereafter, (R)- 
3-hydroxypimelic acid, which was a unreacted substrate, was extracted with n-heptane and removed. An RP1 8 column 
(nucleosil C1 8, 7 ujti, Knauser) was used in the analysis by HPLC, and a 25 mM phosphate buffer (pH: 5.3) was used 
as a mobile phase to conduct elution by applying a linear concentration gradient with acetonitrile. A thioester compound 
formed by the enzyme reaction was detected by monitoring an absorption spectra at from 200 to 500 nm. 
[0162] Similarly, an (R)-3-hydroxyoctnoic acid ester obtained by the Reformatsky reaction was hydrolyzed to obtain 
(R)-3-hydroxyoctnoic acid, and this acid was used as a substrate to prepare (R)-3-hydroxyoctanoyl-CoA. 
[0163] Similarly, (R,S)-3-hydroxy-7,8-epoxyoctanoyl-CoA was prepared. (R,S)-3-hydroxy-7,8-epoxyoctanoic acid 
used in the preparation of the (R,S)-3-hydroxy-7,8-epoxyoctanoyl-CoA was prepared by epoxidating an unsaturated 
portion of 3-hydroxy-7-octenoic acid synthesized by the process described in Int. J. Biol. Macromol., 12 : 85-91 (1990) 
with 3-chlorobenzoic acid. 
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EXAMPLE 1: 

Production of color filter by electrodeposition: 

[0164] A red pigment (C.I. Pigment Red 168) was dispersed by a sand mill so as to give a particle diameter of 0.1 
u,m or smaller. To 1 part by mass of this dispersion were added 10 parts by mass of a solution (10 U/ml) of a PHA 
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synthase derived froml^WN2-C1 recombinant strain and 39 parts by mass^WBS. The mixture was gently shaken 
at 30°C for 30 minutes to cause the PHA synthase to be adsorbed on the surface of the pigment. This dispersion was 
centrifuged (10,000 x g, 4C°, 10 minutes), the resultant precipitate was suspended in PBS, and the suspension was 
centrifuged (10,000 x g, 4C°, 10 minutes) again to obtain an immobilized enzyme. 

5 [0165] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH: 7.0), to which 
1 part by mass of (R)-3-hydroxypimelyl CoA (prepared in accordance with the process described in Eur. J. Biochem., 
250, 432-439 (1997)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the 
mixture was gently shaken at 30°C for 2 hours. A microencapsulated pigment formed was recovered by centrifugation 
(10,000 x g, 4°C, 10 minutes), and 99 parts by mass of ion-exchanged water were added to 1 part by mass of the 

io microencapsulated pigment to disperse the pigment by stirring (80 rpm) by a stirring blade. This dispersion was provided 
as a red coloring composition. 

[0166] After a part of the microencapsulated pigment recovered previously was vacuum-dried, it was suspended in 
chloroform, the suspension was* stirred at 60°C for 20 hours to extract PHA forming a shell. The extract was filtered 
through a membrane filter having a pore size of 0.45 urn, concentrated under reduced pressure by a rotary evaporator, 

15 then subjected to methanolysis in accordance with a method known per se in the art and analyzed by a gas chroma- 
tography-mass spectrometer (GC-MS, Shimadz QP-5050, El method) to identify a methyl-esterified product of a PHA 
monomer unit. As a result, it was identified that the PHA is a PHA derived from 3-hydroxypimelic acid. 
[0167] Further, the molecular weight of the PHA was evaluated by gel permeation chromatography (GPC; Tosoh 
HLC-8020, column: Polymer Laboratory PLgel MIXED-C (5 u,m), solvent: chloroform, column temperature: 40°C, in 

20 terms of polystyrene). As a result, Mn was found to be 60,000. 

[0168] The volume average particle diameter of the pigment before and after the microcapsulation was measured 
by means of a laser Doppler system particle size distribution measuring machine (UPA-150, manufactured by Nikkiso 
Co., Ltd.). As a result, it was found that the particle diameter before the microcapsulation was 0.104 u,m, while the 
particle diameter after the microcapsulation was 0.112 \im } which is considered to be attributable to the fact that the 

25 pigment was covered with PHA. 

[0169] With respect to a green pigment (C.I. Pigment Green 36) and a blue pigment (C.I. Pigment Blue 60) in place 
of the red pigment in the above-described process, microencapsulated pigments were prepared similarly, and the 
microencapsulated pigments were respectively dispersed in ion-exchanged water to provide green and blue coloring 
compositions. 

30 [0170] A transparent electrode substrate obtained by patterning with ITO on a glass substrate, and a stainless steel 
substrate were immersed in the red coloring composition, a portion of the transparent electrode substrate, which was 
to be colored red, was connected to a positive pole, and the stainless steel substrate was provided as a negative pole 
to energize, thereby deposit a coating film on the transparent electrode. The electrodeposition conditions were as 
follows: 

35 

Voltage applied: 30 V, 

Coating temperature: 20°C, and 

Deposition time: 20 seconds. 

40 [0171] After completion of the electrodeposition, the glass substrate was washed with water, dried and then baked 
at 150°C to obtain a red color filter. Similarly, this process was repeated respectively using the green and blue coloring 
compositions to obtain a color filter in the form of a stripe of R, G and B. 

COMPARATIVE EXAMPLE 1: 

45 

[0172] A mixture having the following composition was dispersed and mixed for 2 hours by means of a bead mill. 



Acrylic resin 


1 .6 parts 


Melamine resin 


0.4 parts 


Red pigment, C.I. Pigment Red 168 


1 part 


Ion-exchanged water 


7 parts. 



[0173] In this liquid mixture was mixed 90 parts of ion-exchanged water to prepare a red coloring composition. 
[0174] Similarly, a green coloring composition and a blue coloring composition were respectively prepared in the 
same manner as in the red coloring composition except that a green pigment (C.I. Pigment Green 36) and a blue 
pigment (C.I. Pigment Blue 60) were used respectively in place of the red pigment. 

[0175] A color filter in the form of a stripe of R, G and B was then obtained in the same manner as in EXAMPLE 1 



27 

BNSDOCID: <EP 1262229A1_I_> 



except that the respective 



EP 1 262 229 A1 



ive colo"ompositions according to Comparative Exampl. 



re used. 



<Evaluation 1> 

Urature lor 30 days ol me mwoancapsolated pigments in the rasped we 9 a]ameter was 

by Nikkiso Co., Ltd.). 



to 



J5 



20 



25 





Ex.1 (R/G/B) 


Comp. Ex.1 (R/G/B) 


Vol. avq. particle dia. (before storage) 


0.112/0.127/0.119 


0.128/0.148/0.125 


Vol. avq. particle dia. (after storage) 


0.116/0.125/0.121 


0.285/0.343/0.179 
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[0177] As a reeuit, « was revealed ,ha, the vohinn. ^E^^^JSEIJ^^ n«a- 
each ooiaring composition o. EXAMPLE , ™M* « — * ^ 9v4rage panicle diameter an., the 
encapsulated pigment feexcelten.,nane»^^^ C0MPARA7IVE EXAMPLE 1 was great 

S 'Zarcd SrSS^S^^^ 2 " « ~* ~ S ° 9M M80 " ,y " 
satisfactory to the microencapsulated P'S^nt COMP ARATIVE EXAMPLE 1 , such evaluation as described 

rai78] With respect to the color filters of EXAMPLE 1 and COMrAriM 
below was made, and the results thereof are shown .n Table 4. 

by transmitted light through a phase contrast microscope. 

(2> 1 - COMPARATIVE EXAMPLE 1 was evaluated by a pres- 

sure cooker test under conditions of 12S-C, 85% RH and 6 hours. 

(3) Transparency: EXAMPLE 1 and COMPARATIVE EXAMPLE 1 was 

The transparency of each of the color filers produce ,n E ^M pL E 1 of r, G and B were respec- 

evaluated by measuring its transmittance^e^tta ™*«^™J^ ed within a range of from 400 
tively measured at a wavelength at wh.ch the maxnr.um transm Ba ^ thereQ( 

nm to 700 nm. The measurement was conducted as to 1 0 pixels 

^"organoleptic evaluation was also conducted by visual observation. 

W C TtcoiorS e p?operties of the color filters produced in EXAMPLE 1 and COMPARATIVE EXAMPLE 1 were 
organoleptically evaluated by visual observation. 

(5) Contrast: . Nation to each other in such a manner optical axes can be 

Two polarizing plates were arranged in op P°*ed Ration tp each om ng plates |p 

changed, and a color filter was '^^^^^^^ ^ for »^ ^ 
this state, the color f.lter was irradiated wrth a back flight be 9 , Corporat ion). The optical axes 

d=»^^ 

iganolep* evaluation waa alao oonddcted by visnal dbcervatidn. 
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Table 4 






Ex.1 (R/G/B) 


Comp. Ex.1 (R/G/B) 


Unevenness due to aggregation 


Not occurred 


Somewhat occurred 


Adhesion 


Good 


Wrinkling 
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Table 4 (continued) 





Ex.1 (R/G/B) 


Comp. Ex.1 (H/La/D) 


Unevenness due to aggregation 


Not occurred 


Somewhat occurred 


Transparency 


92/78/78 : good 


80/68/66, somewhat poor 


Coloring property 


Good 


Somewhat poor 


Contrast 


1032, good 


875, somewhat poor 



As a result, it was revealed that the color filter according to EXAMPLE 1 is free of unevenness due to aggre- 
gation and exhibits good results in all the adhesion, transparency, coloring property and contrast and hence has 
excellent properties. On the other hand, these properties were not satisfactory to the color filter of COMPARATIVE 
EXAMPLE 1. 

EXAMPLE 2: 



Production of color filter by ink-jet system: 
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[0179] A red pigment (C.I. Pigment Red 168) was dispersed by a sand mill so as to give a particle diameter of 0.1 
u.m or smaller. To 1 part: by mass of this dispersion were added 10 parts by mass of a crude PHA synthase (10 U/ml) 
derived from an H45 strain and 39 parts by mass of PBS. The mixture was gently shaken at 30°C for 30 minutes to 
cause the PHA synthase to be adsorbed on the surface of the red pigment. This dispersion was centrifuged (10,000 
x g, 4°C, 10 minutes), the resultant precipitate was suspended in PBS, and the suspension was centrifuged (10,000 
x g, 4°C, 10 minutes) again to obtain an immobilized enzyme. 

[0180] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH: 7.0), to which 
1 part by mass of (R)-3-hydroxypimelyl CoA (prepared in accordance with the process described in Eur. J. Biochem., 
250, 432-439 (1997)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the 
mixture was gently shaken at 30°C for 2 hours. A red microencapsulated pigment: formed was recovered by centrifu- 
gation (10,000 x g, 4C°, 10 minutes), and 10 parts by mass of ethylene glycol, 15 parts by mass of diethylene glycol, 
0.6 parts by mass of a monoethanolamine salt of a styrene-maleic acid copolymer (average molecular weight: 30,000, 
acid value: 300) and 70.4 parts by mass of ion-exchanged water were added to 4 parts by mass of the microencap- 
sulated pigment to disperse the pigment by stirring (80 rpm) by a stirring blade. This dispersion was provided as a red 
coloring composition. 

[0181] The identification of a PHA monomer unit of the microencapsulated pigment recovered previously was per- 
formed in the same manner as in EXAMPLE 1. As a result, it was identified that the PHA is a PHA derived from 
3-hydroxypimelic acid. 

[0182] Further, the molecular weight of the PHA was evaluated by gel permeation chromatography in the same 
manner as in EXAMPLE 1 . As a result, Mn was found to be 47,000. 

[0183] The volume average particle diameter of the pigment before and after the microcapsulation was measured 
in the same manner as in EXAMPLE 1 . As a result, it was found that the particle diameter before the microcapsulation 
was 0.105 jxm, while the particle diameter after the microcapsulation was 0.117 |xm, which is considered to be attrib- 
utable to the fact that the pigment was covered with PHA. 

[0184] With respect to a green pigment (C.I. Pigment Green 36) and a blue pigment (C.I. Pigment Blue 60) in place 
of the red pigment in the above-described process, microencapsulated pigments were prepared similarly, and the 
microencapsulated pigments were respectively dispersed in ion-exchanged water to provide green and blue coloring 
compositions. 

[0185] Ink dots composed of three colors of R, G and B were formed with the respective coloring compositions on 
a glass substrate by means of an ink-jet recording apparatus. The ink dots were dried for 20 minutes at 80°C and 
further for 1 hour at 1 80°C to form a colored layer. The thickness of the resultant colored layer was 0.4 \im. A thermo- 
setting resin ("Hicoat LC-2001", product of Sanyo Chemical Industries, Ltd.) was applied as a transparent protective 
film by a spin coater onto the fine pigment particle layer of three colors of R, G and B so as to give a dry coating 
thickness of 0.5 um. The thus-formed film was prebaked at 120°C for 30 minutes and then fully baked at 200°C for 30 
minutes to form a protective layer, thereby obtaining a color filter according to the present invention. 

COMPARATIVE EXAMPLE 2: 



[0186] To 4 parts by mass of a red pigment (C.I. Pigment Red 1 68), were added 1 0 parts by mass of ethylene glycol, 
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o^H/n 



1 5 parts by mass of diethylene^Tol, 0.6 parts by mass of a monoethanolamine saft ^^^^^Z 
(average molecular weight: 30,000. acid value: 300) and 70.4 parts by mass of .on-exchanged water. The p.gment was 
SpersedT 2 hours by means of a bead mill. This dispersion was provided as a red colonng compostoon. 
SSSl sStarly. a gre'en coloring composition and a blue co.oring - m P 0S ^"^ 
same manner as in the red coloring composition except that a green p.gment (C.I. P.gment Green 36) and 
pigment (C.I. Pigment Blue 60) were used respectively in place of the red pigment. SAMPLE 2 

[0188] A color filter in the form of a stripe of R, G and B was then obta.ned ,n the same manner as ,n EXAMPLE 
except that the respective coloring compositions according to Comparative Example 2 were used. 

<Evaluation 2> 

r0189l The volume average particle diameters and the volume average particle diameters after stored at room tem- 
pera relr 30 da" of the microencapsulated pigments in the respective red, green 

of EXAMPLE 2 and COMPARATIVE EXAMPLE 2 were measured in the same manner as ,n EXAMPLE 1 and COM 
PARATIVE EXAMPLE 1 and shown in Table 5. 



Table 5 





Ex.2 (R/G/B) 


Comp. Ex.2 (R/G/B) 


Vol. avg. particle dia. (before storage) 


0.117/0.124/0.126 


0.133/0.145/0.132 


Vol. avg. particle dia. (after storage) 


0.123/0.127/0.134 


0.294/0.315/0.283 



[0190] As a result, it was revealed that the volume average partic.e diameter of the microenca psulated > Pi9™ntin 
each coloring composition of EXAMPLE 2 exhibits almost the same value before and after the storage, and the m cr^ 
:rcap C sS pigment is excellent in shelf stability. On the other ^^^SS^Si^J^ 
storaae of the microencapsulated pigment in each coloring composition of COMPARATIVE example * was g. 
compared withTe average particle diameter of the pigment before the storage, and so the shelf stab.Hty was not 

Sirrr^SSSMPLE 2 and COMPARATIVE EXAMPLE 2, the same evaluation as in 
EXAMPLE 1 was made, and the results thereof are collected in Table 6. 



Table 6 





Ex.2 (R/G/B) 


Comp. Ex.2 (R/G/B) 


Unevenness due to aggregation 


Not occurred 


Somewhat occurred 


Adhesion 


Good 


Good 


Transparency 


87/75/82 ; good 


76/73/71 , somewhat poor 


Coloring property 


Good 


Somewhat poor 


Contrast 


1021, good 


902, somewhat poor 



roi 921 As a result it was revealed that the color filter according to EXAM PLE 2 is free of unevenness due to aggre- 
Sand "Z! good results in a., the adhesion, transparency, coloring property and 

cellent properties. On the other hand, these properties were not satisfactory to the color filter of COMPARATIVE EX 
AMPLE 2. 



EXAMPLE 3. 

so Production of color filter by pigment dispersing process: 

10193] A red pigment (C.I. Pigment Red 1 68) was dispersed by a sand mill so as to give a ^parti cle diameter of ai 
um^ smaller To 1 part by mass of this dispersion were added 10 parts by mass of a crude PHA synthase (10 U/ml) 
SerivedTrom a W1 strained 39 parts by mass of PBS. The mixture was gently shaken at 30>C for 30 m.nute to 
55 cause the PHA synthase to be adsorbed on the surface of the red pigment. This dispersion was centr uged 0,000 
x g 4»C 1 0 minutes), the resultant precipitate was suspended in PBS, and the suspension was centnfuged (1 0,000 
• x g, 4°C, to minutes) again to obtain an immobilized enzyme. 

[0194] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH. 7.0), to which 
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-3^^Froxyoctanoyl CoA (prepared in accordance with thepro 
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1 part by mass of (R)-3^3roxyoctanoyl CoA (prepared in accordance with theprocess described in Eur. J. Biochem., 
250, 432-439 (1997)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the 
mixture was gently shaken at 30°C for 2 hours. 

[0195] A red microencapsulated pigment formed was recovered by centrifugation (10,000 x g, 4°C, 10 minutes) and. 
5 vacuum-dried, and 9 parts by mass of a photosensitive polyamide resin (PA-1000C, product of Ube Industries, Ltd.) 
were added to 1 part by mass of the microencapsulated pigment to disperse the pigment by a kneader. This dispersion 
was provided as a red coloring composition. 

[0196] The identification of a PHA monomer unit of the microencapsulated pigment recovered previously was per- 
formed in the same manner as in EXAMPLE 1. As a result, it was identified that the PHA is a PHA derived from 
10 3-hydroxyoctanoic acid. 

[0197] Further, the molecular weight of the PHA was evaluated by gel permeation chromatography in the same 
manner as in EXAMPLE 1 . As a result, Mn was found to be 42,000. 

[0198] The volume average particle diameter of the pigment before and after the microcapsulation was measured 
in the same manner as in EXAMPLE 1 . As a result, it was found that the particle diameter before the microcapsulation 
15 was 0.127 urn, while the particle diameter after the microcapsulation was 0.143 jim, which is considered to be attrib- 
utable to the fact that the pigment was covered with PHA. 

[0199] With respect to a green pigment (C.I. Pigment Green 36) and a blue pigment (C.I. Pigment Blue 60) in place 
of the red pigment in the above-described process, microencapsulated pigments were prepared similarly, and the 
microencapsulated pigments were respectively dispersed in the photosensitive polyamide resin to provide green and 

20 blue coloring compositions. 

[0200] The red coloring composition was then applied on to a glass substrate by spin coating so as to give a layer 
thickness of 1 .5 ^m, and baked at 80°C for 10 minutes by a hot plate to provide a red colored layer. Desired portions 
of the colored layer were then UV-cured in a proper quantity of light through a photomask to dissolve and remove an 
unexposed portion of the colored resin layer. The colored resin layer was post-baked at 200°C for 1 0 minutes by a hot 

25 plate. Similarly, this process was repeated respectively using the green and blue coloring compositions to obtain a 
color filter in the form of a stripe of R, G and B. 

COMPARATIVE EXAMPLE 3: 

30 [0201] To 1 part by mass of a red pigment (C.I. Pigment Red 168), were added 9 parts by mass of a photosensitive 
polyamide resin (PA-1000C, product of Ube Industries, Ltd.). The pigment was dispersed for 2 hours by means of a 
kneader. This dispersion was provided as a red coloring composition. 

[0202] Similarly, a green coloring composition and a blue coloring composition were respectively prepared in the 
same manner as in the red coloring composition except that a green pigment (C.I. Pigment Green 36) and a blue 
35 pigment (C.I. Pigment Blue 60) were used respectively in place of the red pigment. 

[0203] A color filter in the form of a stripe of R, G and B was then obtained in the same manner as in EXAMPLE 3 
except that the respective coloring compositions according to Comparative Example 3 were used. 



<Evaluation 3> 

[0204] The volume average particle diameters and the volume average particle diameters after stored at room tem- 
perature for 30 days of the microencapsulated pigments in the respective red, green and blue coloring compositions 
of EXAMPLE 3 and COMPARATIVE EXAMPLE 3 were measured in the same manner as in EXAMPLE 1 and COM- 
PARATIVE EXAMPLE 1 and shown in Table 7. 

Table 7 





Ex.3 (R/G/B) 


Comp. Ex.3 (R/G/B) 


Vol. avg. particle dia. (before storage) 


0.143/0.175/0.149 


0.164/0.102/0.185 


Vol. avg. particle dia. (after storage) 


0.162/0.161/0.174 


0.295/0.239/0.352 



[0205] As a result, it was revealed that the volume average particle diameter of the microencapsulated pigment in 
each coloring composition of EXAMPLE 3 exhibits almost the same value before and after the storage, and the micro- 
encapsulated pigment is excellent in shelf stability. On the other hand, the volume average particle diameter after the 
storage of the microencapsulated pigment in each coloring composition of COMPARATIVE EXAMPLE 3 was great 
compared with the average particle diameter of the pigment before the storage, and so the shelf stability was not 
satisfactory to the microencapsulated pigment. 
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[0206] With respect to the coloTTilters of EXAMPLE 3 and COMPARATIVE EXAM 
EXAMPLE 1 was made, and the results thereof are collected in Table 8. 

Table 8 



3, the same evaluation as in 





Ex.3 (R/G/B) 


Comp. Ex.3 (R/G/B) 


Unevenness due to aggregation 


Not occurred Occurred 




Adhesion 


Good 


Wrinkling 


Transparency 


79/73/78 : good 


69/62/64, somewhat poor 


Coloring property 


Good 


Somewhat poor 


Contrast 


1009, good 


821 , somewhat poor 



15 



[0207] As a result, it was revealed that the color filter according to EXAMPLE 3 is free of unevenness due to aggre- 
gation and exhibits good results in all the adhesion, transparency, coloring property and contrast and hence has ex- 
cellent properties. On the other hand, these properties were not satisfactory to the color filter of COMPARATIVE EX- 
AMPLE 3. 
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EXAMPLE 4: 

Production of color filter by printing process: 

[0208] A red pigment (C.L Pigment Red 168) was dispersed by a sand mill so as to give a particle diameter of 0.1 
u.m or smaller. To 1 part by mass of this dispersion were added 10 parts by mass of a crude PHA synthase (10 U/ml) 
derived from a P161 strain and 39 parts by mass of PBS. The mixture was gently shaken at 30°C for 30 minutes to 
cause the PHA synthase to be adsorbed on the surface of the red pigment. This dispersion was centrifuged (10,000 
x g, 4°C, 10 minutes), the resultant precipitate was suspended in PBS, and the suspension was centrifuged (10,000 
x g, 4°C, 10 minutes) again to obtain an immobilized enzyme. 

[0209] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH: 7.0), to which 
1 part by mass of (R)-3-hydroxyoctanoyl CoA (prepared in accordance with the process described in Eur, J. Biochem., 
250, 432-439 (1997)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the 
mixture was gently shaken at 30C° for 2 hours. 

[021 0] A red microencapsulated pigment formed was recovered by centrifugation (1 0,000 x g, 4°C, 1 0 minutes) and 
vacuum-dried, and 10 parts by mass of a polyester-melamine resin (80:20 (mass ratio)) and 3 parts by mass of methyl 
cellosolve were added to 2 parts by mass of the microencapsulated pigment to knead and disperse the pigment by a 
three-roll mill. This dispersion was provided as a red coloring composition. 

[0211] The identification of a PHA monomer unit of the microencapsulated pigment recovered previously was per- 
formed in the same manner as in EXAMPLE 1 . As a result, it was identified that the PHA is a PHA derived from 
3-hydroxyoctanoic acid. 

[0212] Further, the molecular weight of the PHA was evaluated by gel permeation chromatography in the same 
manner as in EXAMPLE 1 . As a result, Mn was found to be 36,000. 

[0213] The volume average particle diameter of the pigment before and after the microcapsulation was measured 
in the same manner as in EXAMPLE 1 . As a result, it was found that the particle diameter before the microcapsulation 
was 0.176 fim, while the particle diameter after the microcapsulation was 0.191 \xm, which is considered to be attrib- 
utable to the fact that the pigment was covered with PHA. 

[0214] With respect to a green pigment (C.I. Pigment Green 36) and a blue pigment (C.I. Pigment Blue 60) in place 
of the red pigment in the above-described process, microencapsulated pigments were prepared similarly, and the 
microencapsulated pigments were respectively dispersed in the photosensitive polyamide resin to provide green and 
blue coloring compositions. 

[0215] The red, green and blue coloring compositions were used to obtain a color filter in the form of a stripe of R, 
G and B by an intaglio offset printing method. 

COMPARATIVE EXAMPLE 4: 

[0216] To 2 parts by mass of a red pigment (C.I. Pigment Red 168), were added 10 parts by mass of a polyester- 
melamine resin (80:20 (mass ratio)) and 3 parts by mass of butyl cellosolve. The pigment was kneaded and dispersed 
by means of a three-roll mill. This dispersion was provided as a red coloring composition. Similarly, a green coloring 
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composition and a blue^Bforing composition were respectively prepared in triesame manner as in the red coloring 
composition except that a green pigment (C.I. Pigment Green 36) and a blue pigment (C.I. Pigment Blue 60) were 
used respectively in place of the red pigment. 

[0217] A color filter in the form of a stripe of R, G and B was then obtained in the same manner as in EXAMPLE 4 
except that the respective coloring compositions according to Comparative Example 4 were used. 



<Evaluation 4> 

[021 8] The volume average particle diameters and the volume average particle diameters after stored at room tern- 
10 perature for 30 days of the microencapsulated pigments in the respective red, green and blue coloring compositions 
of EXAMPLE 4 and COMPARATIVE EXAMPLE 4 were measured in the same manner as in EXAMPLE 1 and COM- 
PARATIVE EXAMPLE 1 and shown in Table 9. 



Table 9 
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Ex.4 (R/G/B) 


Comp. Ex.4 (R/G/B) 


Vol. avg. particle dia. (before storage) 


0.191/0.127/0.158 


0.181/0.153/0.119 


Vol. avg. particle dia. (after storage) 


0.201/0.151/0.147 


0.343/0.286/0.327 



[0219] As a result, it was revealed that the volume average particle diameter of the microencapsulated pigment in 
each coloring composition of EXAMPLE 4 exhibits almost the same value before and after the storage, and the micro- 
encapsulated pigment is excellent in shelf stability. On the other hand, the volume average particle diameter after the 
storage of the microencapsulated pigment in each coloring composition of COMPARATIVE EXAMPLE 4 was great 
compared with the average particle diameter of the pigment before the storage, and so the shelf stability was not 
satisfactory to the microencapsulated pigment. 

[0220] With respect to the color filters of EXAMPLE 4 and COMPARATIVE EXAMPLE 4, the same evaluation as in 
EXAMPLE 1 was made, and the results thereof are collected in Table 10. 

Table 10 





Ex.4 (R/G/B) 


Come. Ex.4 (R/G/B) 


Unevenness due to aggregation 


Not occurred Not occurred 


Occurred Occurred 


Adhesion 


Good 


Good 


Transparency 


75/76/73, good 


65/63/65, Somewhat poor 


Coloring property 


Good 


somewhat poor 


Contrast 


1021 , good 


813, somewhat poor 



[0221] As a result, it was revealed that the color filter according to EXAMPLE 4 is free of unevenness due to aggre- 
gation and exhibits good results in all the adhesion, transparency, coloring property and contrast and hence has ex- 
cellent properties. On the other hand, these properties were not satisfactory to the color filter of COMPARATIVE EX- 
AMPLE 4. 



45 EXAMPLE 5: 



Production 2 of color filter by ink-jet system: 

[0222] A red pigment (C.I. Pigment Red 168) was dispersed by a sand mill in the same manner as in EXAMPLE 2 
so so as to give a particle diameter of 0.1 jxm or smaller. To 1 part by mass of this dispersion were added 10 parts by 
mass of a crude PHA synthase (10 U/ml) derived from an H45 strain and 39 parts by mass of PBS. The mixture was 
gently shaken at 30°C for 30 minutes to cause the PHA synthase to be adsorbed on the surface of the red pigment. 
This dispersion was centrifuged (1 0,000 x g ; 4°C, 1 0 minutes), the resultant precipitate was suspended in PBS, and 
the suspension was centrifuged (10,000 x g : 4°C, 10 minutes) again to obtain an immobilized enzyme. 
55 [0223] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH: 7.0), to which 
1 part by mass of (R)-3-hydroxyoctanoyl CoA (prepared in accordance with the process described in Eur. J. Biochem., 
250, 432-439 (1997)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the 
mixture was gently shaken at 30°C for 1 .5 hours. To this reaction mixture, were added 1 part by mass of (R)-3-hydrox- 
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of flight secondary ion mass spectrometer (TOF-SIMS V ^"^^^^ polymer (molar ratio 9:1 ) of 
trum, it was found that the surface of * e pigment was s.ightly 

polyhydroxypimelate and polyhydroxy-octanoate. After ™ sirtace or me £ identified 

PHA only at a skin layer. maWn « ..n th* mirraencaosulated pigment was evaluated 

[0225] Further, the averse molecular «eight of me Ph« making up tfc . ™aeencape UK pg 

by gel permeation chromatography in the same manner aa .a **™^' ^°'™"£" Mm „ a s measured 
^.TST^lSSSil; !S£ miereca— »as 0 ,22 pet, is oonsideree to be artrib- 

part-bym-oso,*^ 

(averaqe molecular weight. 30,uuu, acia vdiue. ow; a r * n „ AV . . oH „ rf > d colorina composition. 

compositions. d fth the respe ctive coloring compositions on 

[0229] Ink dots composed of three colors of R G and E were t eg ^ ^ anrf 

a glass substrate by means of an ink-jet recordmg apparatus. The ^nk s Q 4 A therm0 - 

fuLr for 1 hour at 1 80° C to form a co.ored Mayer JJ^JJ^ T^I^Ta »r anspafen, protective 

< Evaluation 5> 

[0230] Thevo.umeaveragepanic^^^ 

perature for 30 days of the microencapsulated pigments , ^^^f^^j^ EXAMPLE 1 and shown 
of EXAMPLE 5 were measured in the same manner as in EXAMPLE 1 and oomkahmi 

in Table 11. 







Ex. 5 (R/G/B) 




Vol. avg. particle dia. (before storage) 


0.122/0.126/0.129 




Vol. avg. particle dia. (after storage) 


0.125/0.131/0.132 



■02311 As a reeult It eras revealed thai the microencapsulated pigment exhibits almost: the same change in volume 
results thereof are collected in Table 12. 
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Table 12 





Ex. 5 (R/G/B) 


Unevenness due to aggregation 


Not occurred 


Adhesion 


Good 


Transparency 


89/78/81 , good 


Coloring property 


Good 


Contrast 


1017, good 



15 



20 



[0233] As a result, it was revealed that the color filter is free of unevenness due to aggregation and exhibits good 
results in all the adhesion, transparency, coloring property and contrast and hence has excellent properties like EX- 
AMPLE 2. 

[0234] Further, with respect to the drying treatment strength required for the fixing of the microencapsulated pigment 
to the glass substrate by an ink-jet recording apparatus, evaluation by weight change was made. For the sake of 
comparison, the drying time strength in the case where the coloring composition of EXAMPLE 2 was used was also 
evaluated likewise. As a result, in the case where the coloring composition of EXAMPLE 2, in which all the shell of the 
microcapsule was formed by the hydrophilic PHA, sufficient drying was not achieved by a treatment at 80°C for 20 
minutes. On the other hand, in the case of this example where only the skin layer of theshell is formed by the hydrophilic 
PHA, sufficient drying was achieved by the treatment at 80°C for 20 minutes, and the colored layer was fixed. From 
this fact it was found that the production process is saved according to the structure of the PHA of the microencap- 
sulated pigment. 



25 



EXAMPLE 6: 



Preparation 1 of microencapsulated pigment using inorganic pigment: 

[0235] Red iron oxide as an inorganic pigment was dispersed by a sand mill so as to give a particle diameter, of 0.3 
ujm or smaller. To 1 part by mass of this dispersion were added 1 0 parts by mass of a crude PHA synthase (1 0 U/ml) 
derived from a P161 strain and 39 parts by mass of PBS. The mixture was gently shaken at 30°C for 30 minutes to 
cause the PHA synthase to be adsorbed on the surface of the pigment. This dispersion was centrifuged (10,000 x g, 
4°C, 10 minutes), the resultant precipitate was suspended in PBS, and the suspension was centrifuged (10,000 x g, 
4°C, 10 minutes) again to obtain an immobilized enzyme. 

[0236] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH: 7.0), to which 
1 part by mass of (R)-3-hydroxyoctanoyl CoA (prepared in accordance with the process described in Eur. J. Biochem., 
250, 432-439 (1997)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the 
mixture was gently shaken at 30 Q C for 2 hours. 

[0237] Aftera red microencapsulated pigmentformed was recovered by centrifugation (10,000 x g, 4°C, 10 minutes) 
and vacuum-dried, the mass of the polymer formed on the surface of the microencapsulated pigment was measured 
by a time of flight secondary ion mass spectrometer (TOF-SIMS IV, manufactured by CAMECA). From the resultant 
mass spectrum, it was found that the surface of the microencapsulated pigment is formed by a homopolymer of poly- 
hydroxyoctanoate. Although a mass spectrum was measured likewise by the TOF-SIMS while scraping the surface of 
the microencapsulated pigment little by little by ion sputtering, any portion was formed by the homopolymer of polyhy- 
droxyoctanoate. It was thereby found that the microencapsulated pigment of this example is a microencapsulated 
pigment that the hydrophilic pigment is covered directly with hydrophobic polyhydroxyoctanoate. 
[0238] Further, the molecular weight of the PHA was evaluated by gel permeation chromatography in the same 
manner as in EXAMPLE 1 . As a result, Mn was found to be 38,000. 

[0239] The volume average particle diameter of the pigment before and after the microcapsulation was measured 
in the same manner as in EXAMPLE 1 . As a result, it was found that the particle diameter before the microcapsulation 
was 0.242 u.m, while the particle diameter after the microcapsulation was 0.265 u,m, which is considered to be attrib- 
utable to the fact that the pigment was covered with PHA. 
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EXAMPLE 7: 

Preparation 2 of microencapsulated pigment using inorganic pigment: 

5 [02401 Red iron oxide as an inorganic pigment was dispersed by a sand mill so as to give a .particle ^meterof a3 
urn or smaller. To 1 part by mass of this dispersion were added 1 0 parts by mass of a crude PHA synthase (1 0 U/ml) 
derived from a P161 strain and 39 parts by mass of PBS. The mixture was gently shaken at 30°C for 30 .minutes to 
cause the PHA synthase to be adsorbed on the surface of the pigment. This dispersion was centri uged 0,000 x g, 
4°C, 1 0 minutes), the resultant precipitate was suspended in PBS, and the suspension was centnfuged (10,000 x g, 

10 4°C, 10 minutes) again to obtain an immobilized enzyme. ,u7mi»«hk.h 
[0241] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH:7.0), to which 
1 part by mass of (R)-3-hydroxypimelyl CoA (prepared in accordance with the process described in J. Bacteriol., 182, 
2753-2760 (2000)) and 0.1 parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the mixture 
was gently shaken at 30°C for 10 minutes. hvrim™ 

rs [02421 While gently shaking at 30°C, 0.1 M phosphate buffer (pH 7.0) conta.n.ng 1 part by mass of R>^ d ™T 
octanoyl CoA (prepared in accordance with the process described in Eur. J. Biochem., 250, 432-439 (1997)) and 0.1 
parts by mass of bovine serum albumin (product of Sigma Co.) was added with a feeding rate of 1 part by mass per 
minute by means of a microtube pump (MP-3N, manufactured by Tokyo Rika Kikai K.K.). 

[02431 After reacting for 1 hour and 50 minutes, a red microencapsulated pigment formed was recovered by centnf- 

20 uga tion (1 0,000 x g, 4°C, 1 0 minutes) and dried. Thereafter, the mass of the polymer formed on the surface of the 
microencapsulated pigment was measured by a time of flight secondary ion mass spectrometer (TOF-SIMS IV, man- 
ufactured by CAMECA). From the resultant mass spectrum, it was found that the surface of the m.croencapsulated 
pigment is formed by a copolymer (molar ratio 15:1 ) of polyhydroxyoctanoate and polyhydroxypimelate. When a mass 
spectrum was measured likewise by the TOF-SIMS while scraping the surface of the microencapsulated p.gment little 

25 bv little by ion sputtering, it was identified that the proportion of polyhydroxyoctanoate in the copolymer is gradually 
reduced, and finally it is changed to a homopolymer of polyhydroxypimelate. It was thereby found that the microen- 
capsulated pigment of this example is a microencapsulated pigment that the hydrophilic pigment .s covered with pol- 
yhydroxypimelate having a hydrophilic functional group, and a copolymer of polyhydroxyoctanoate and polyhydroxyp- 
imelate is covered thereon in such a manner that the compositional ratio of the hydrophobic polyhydroxyoctanoate 

30 increases as coming nearer to the skin layer. 

[02441 Further, the molecular weight of the PHA was evaluated by gel permeation chromatography in the same 
manner as in EXAMPLE 1. As a result, Mn was found to be 39,000. mMeiira H 
T02451 The volume average particle diameter of the pigment before and after the m.crocapsulation was measured 
!n the same manner as in EXAMPLE 1 . As a result, it was found that the particle diameter before the ^encapsulation 

35 was 0.236 um, while the particle diameter after the microcapsulation was 0.258 urn, which is considered to be attnb- 
utable to the fact that the pigment was covered with PHA. 

EXAMPLE 8: 

40 Evaluation of microencapsulated pigments of EXAMPLE 6 
and EXAMPLE 7: 

r02461 Four parts by mass of the microencapsulated pigment produced in EXAM PLES 6 and 7 and 4 parts by mass 
45 of red iron oxide as COMPARATIVE EXAMPLE 5, which had been dispersed in a sand mill so as to give a particle 
diameter of 0.3 urn or smaller, were each added 10 parts by mass of ethylene glycol, 15 parts by mass of diethylene 
alvcol 0 6 parts by mass of a monoethanolamine salt of a styrene-maleic acid copolymer (average molecular we.ght: 
30 000 acid value: 300) and 70.4 parts by mass of ion-exchanged water, and the pigment was dispersed by stirring 
(80 rpm) by a stirring blade. This dispersion was provided as a red coloring composition. A color filter composed of R 
so alone was obtained in a similar manner to Example 2. tvahd. c c thDCamo 

[0247] With respect to the color filters of EXAMPLE 6, EXAMPLE 7 and COMPARATIVE EXAMPLE 5, the same 
evaluation as in EXAMPLE 1 was made, and the results thereof are collected in Table 13. 

55 
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Table 13 





EXAMPLE 6 


EXAMPLE 7 


COMPARATIVE EXAMPLE 5 


Unevenness due to aggregation 


Not occurred 


Not occurred 


Somewhat occurred occurred 


Adhesion 


Good 


Good 


Good 


Transparency 


79, good 


77, good 


62, poor 


Coloring property 


Good 


Good 


Somewhat poor 


Contrast 


101 7, good 


1002, good 


899, somewhat poor 



[0248] As a result, it was revealed that the color filters according to EXAMPLES 6 and 7 are free of unevenness due 
to aggregation and exhibit good results in all the adhesion, transparency, coloring property and contrast and hence 
have excellent properties. On the other hand, these properties were not satisfactory to the color filter of COMPARATIVE 
EXAMPLE 5. 

[0249] With respect to the case where the red coloring compositions of EXAMPLES 6 and 7 and COMPARATIVE 
EXAMPLE 5 were used as they are and the case where they are vigorously stirred by a vortex mixer, the volume 
average particle diameters and the volume average particle diameters after stored at room temperature for 30 days 
of the microencapsulated pigments in the red coloring compositions were measured in the same manner as in EXAM- 
PLE 1 and shown in Table 14 in the case where stirring was not conducted and in Table 15 in the case where stirring 
was conducted. 



Table 14 



25 




Ex. 6 


Ex. 7 


Comp. Ex. 5 




Vol. avg. particle dia. (before storage) 


0.265 


0.258 


0.237 




Vol. avg. particle dia. (after storage) 


0.267 


0.262 


0.621 


30 


(uin) 



Table 15 
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Ex. 6 


Ex. 7 


Comp. Ex. 5 


Vol. avg. particle dia. (before storage) 


0.249 


0.256 


0.236 


Vol. avg. particle dia. (after storage) 


0.334 


0.259 


0.658 


Oim) 



[0250] As a result, it was found that in the case where stirring was not conducted, the volume average particle 
diameters of the microencapsulated pigments of EXAMPLES 6 and 7 exhibit almost the same values before and after 
the storage, and the microencapsulated pigments are excellent in shelf stability. On the other hand, the volume average 
particle diameter after the storage of the pigment of COMPARATIVE EXAMPLE 5 greatly increases compared with the 
average particle diameter of the pigment before the storage, arid so the shelf stability was not satisfactory to the 
microencapsulated pigment. 

[0251] In the case where stirring was conducted, the volume average particle diameter of the microencapsulated 
pigments of EXAMPLE 7 exhibited almost the same value before and after the storage, but the volume average particle 
diameter after the storage of the microencapsulated pigments of EXAMPLE 6 somewhat increased compared with the 
average particle diameter of the pigment before the storage. The pigment of the Comparative Example exhibited similar 
results to the case where stirring was not conducted. 

[0252] The microencapsulated pigments after the storage of EXAMPLES 6 and 7 in the case where stirring was 
conducted were observed through an optical microscope. As a result, individual particles were observed being well 
dispersed in EXAMPLE 7. However, in EXAMPLE 6, aggregation of the particles was observed, and the covering PHA 
was observed being separated in a part. 

[0253] From the above fact, it was found that an inorganic pigment is covered with a PHA having a hydrophilic 
functional group high in affinity for the inorganic pigment, and a copolymer of a hydrophilic PHA monomer unit and a 
hydrophobic PHA monomer unit is covered thereon in such a manner that the compositional ratio of the hydrophobic 
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PHA monomer unit increases as^^iing nearer to the skin layer, whereby a hydropho^^HA capsule capable of more 
stably encapsulating the inorganic pigment can be formed. 

EXAMPLE 9: 

5 

Production of color filter by electrodeposition: 

[0254] A red pigment (C.I. Pigment Red 168) was dispersed by a sand mill so as to give a particle diameter of 0.1 
u.m or smaller. To 1 part by mass of this dispersion were added 10 parts by mass of a solution (10 U/ml) of a PHA 
10 synthase derived from a pYN2-C1 recombinant strain and 39 parts by mass of PBS. The mixture was gently shaken 
at 30°C for 30 minutes to cause the PHA synthase to be adsorbed on the surface of the pigment. This dispersion was 
centrifuged (10,000 x g, 4°C, 10 minutes), the resultant precipitate was suspended in PBS, and the suspension was 
centrifuged (10,000 x g, 4°C, 10 minutes) again to obtain an immobilized enzyme. 

[0255] The immobilized enzyme was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH: 7.0), to which 
15 o.8 parts by mass of (R)-3-hydroxypimelyl CoA, 0.2 parts by mass of (R,S)-3-hydroxy-7,8-epoxyoctanoyl CoA and 0.1 
parts by mass of bovine serum albumin (product of Sigma Co.) were added, and the mixture was gently shaken at 
30°C for 2 hours. 

[0256] After a part of the microencapsulated pigment formed was recovered by centrifugation (1 0,000 x g, 4°C, 10 
minutes) and vacuum-dried, it was suspended in chloroform, and the suspension was stirred at 60°C for 20 hours to 
20 extract PHA forming a shell. 

[0257] This extract was subjected to 1 H-NMR analysis (instrument used: FT-NMR; Bruker DPX400, measurement 
nuclide: 1 H, solvent used: deuterochloroform (containing TMS)). The unit % of each side chain unit calculated therefrom 
was 77% for 3-hydroxypimelic acid unit and 23% for 3-hydroxy-7,8-epoxyoctanoic acid unit. 

[0258] The volume average particle diameter of the pigment before and after microcapsulation was measured by 
25 means of a laser Doppler system particle size distribution measuring machine (UPA-150, manufactured by Nikkiso 
Co., Ltd.). As a result, it was found that the particle diameter before the microcapsulation was 0.103 urn, while the 
particle diameter after the microcapsulation was 0.113 pjn, which is considered to be attributable to the fact that the 
pigment was covered with PHA. 

[0259] A microencapsulated pigment formed was recovered by centrifugation (10,000 x g, 4°C, 10 minutes), and 
30 99 parts by mass of ion-exchanged water were added to 1 part by mass of the microencapsulated pigment to disperse 
the pigment by stirring (80 rpm) by a stirring blade. In this dispersion, was dissolved 0.5 parts by mass of hexameth- 
ylenediamine as a crosslinking agent. After confirming the dissolution, water was removed by lyophilization (this is 
referred to as Particle 1). Further, Particle 1 was reacted at 70°C for 12 hours (this is referred to as Particle 2). 
[0260] The above Particles 1 and 2 were suspended in chloroform, and the suspension was stirred at 60°C for 20 
35 hours to extract PHA forming a shell. Chloroform was removed by vacuum drying, and measurement was performed 
by a differential scanning calorimeter (DSC; manufactured by Perkin Elmer Co., Pyris 1, heating rate: 10°C/min). As 
a result, a clear exothermic peak was observed at about 90°C in Particle 1 . This indicates that a reaction of an epoxy 
group in the polymer with hexamethyienediamine takes place, and crosslinking between polymers proceeds. On the 
other hand, a clear heat flow was not observed in Particle 2. This indicates that the crosslinking reaction was almost 
40 completed. 

[0261] With respect to the same samples, infrared absorption was determined (FT-IR; manufactured by Perkin Elmer 
Co., 1720X). As a result, peaks attributable to amine (about 3340 cm-1) and epoxy (about 822 cm-1), which were 
observed in Particle 1 , disappear in Particle 2. 

[0262] From the above results, it was revealed that a crosslinked polymer is obtained by reacting a PHA having an 

45 epoxy unit at a side chain with hexamethyienediamine. 

[0263] On the other hand, samples were prepared in the same manner as described above except that (R,S)-3-hy- 
droxyoctanoyl CoA was used in place of the (R,S)-3-hydroxy-7,8-epoxyoctanoyl CoA, and evaluated. However, any 
evaluation results that the crosslinking between the polymers is clearly indicated as described above were not yielded. 
[0264] To 1 parts by mass of the above Particle 2, were added 99 parts by mass of ion-exchanged water, and the 

50 particles were dispersed by stirring (80 rpm) by a stirring blade. This dispersion was centrifuged (1 0,000 x g, 4°C, 10 
minutes) to recover a microencapsulated pigment of Particle 2. To 1 parts by mass of the microencapsulated pigment, 
were added 99 parts by mass of ion-exchanged water, and the pigment was dispersed by stirring (80 rpm) by a stirring 
blade. This dispersion was provided as a red coloring composition. 

[0265] With respect to a green pigment (C.I. Pigment Green 36) and a blue pigment (C.I. Pigment Blue 60) in place 
55 of the red pigment in the above-described process, microencapsulated pigments were prepared similarly, and the 
microencapsulated pigments were respectively dispersed in ion-exchanged water to provide green and blue coloring 
compositions. 

[0266] A transparent electrode substrate obtained by patterning with ITO on a glass substrate, and a stainless steel 
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rse^^i the red coloring composition, a portion of the transpar 



15 



substrate were immersemn the red coloring composition, a portion of the transparent electrode substrate, which was 
to be colored red, was connected to a positive pole, and the stainless steel substrate was provided as a negative pole 
to energize, 'thereby deposit a coating film on the transparent electrode. The electrodeposition conditions were as 
follows: 

5 

Voltage applied: 30 V, 

Coating temperature: 20°C, and 

Deposition time: 20 seconds. 

w [0267] After completion of the electrodeposition, the glass substrate was washed with water, dried and then baked 
at 1 50°C to obtain a red color filter. Similarly, this process was repeated respectively using the green and blue coloring 
compositions to obtain a color filter in the form of a stripe of R, G and B. 



EXAMPLE 10: 

Evaluation of microencapsulated pigment of EXAMPLE 9: 



[0268] The volume average particle diameters and the volume average particle diameters after stored at room tem- 
perature for 30 days of the microencapsulated pigments in the respective red, green and blue coloring compositions 
20 of EXAMPLE 9 were measured in the same manner as in EXAMPLE 1 and COMPARATIVE EXAMPLE 1 . As a result, 
it was found that the volume average particle diameter of the microencapsulated pigment in the coloring composition 
exhibits almost the same values before and after the storage, and the microencapsulated pigments are excellent in 
shelf stability compared with the results of COMPARATIVE EXAMPLE 1. 

[0269] Hexane, methanol or ethyl ether was used as a dispersion medium used in the dispersion in EXAMPLE 9 in 
25 place of ion-exchanged water to prepare a coloring composition, and it was stored for 30 days at room temperature. 
As a result, no problem was caused on the shelf stability of the microencapsulated pigment, and it was found that the 
pigments can be used even in an oily medium without problems. 

[0270] The above-described microencapsulated pigments were good in mechanical strength and heat resistance. 
[0271] With respect to the color fitters of EXAMPLE 9, the same evaluation as in EXAMPLE 1 and COMPARATIVE 
30 EXAMPLE 1 was made. As a result, it was revealed that the color filter is free of unevenness due to aggregation and 
exhibits good results in all the adhesion, transparency, coloring property and contrast and hence has excellent prop- 
erties compared with COMPARATIVE EXAMPLE 1. 



EXAMPLE 11: 

35 

Production of color filter by electrodeposition: 

[0272] A PHA synthase derived from a pYN2-C1 recombinant strain was immobilized on surfaces of pigments in the 
same manner as in EXAMPLE 9 to obtain immobilized enzymes. One part by mass of each of the immobilized enzymes 

40 was suspended in 48 parts by mass of 0.1 M phosphate buffer (pH: 7.0), to which 0.8 parts by mass of (R)-3-hydrox- 
ypimelyl CoA, 0.2 parts by mass of (R,S)-3-hydroxy-7,8-epoxyoctanoyl CoA and 0.1 parts by mass of bovine serum 
albumin (product of Sigma Co.) were added, and the mixture was gently shaken at 30°C for 2 hours. 
[0273] A microencapsulated pigment formed was recovered by centrifugation (10,000 x g, 4°C, 10 minutes), and 1 
part by mass of the microencapsulated pigment was suspended in 100 parts by mass of purified water. After the 

45 suspension was centrifuged (10,000 x g, 4°C, 10 minutes) again to recover the microencapsulated pigment, water 
was removed by lyophilization. To 1 part by mass of the microencapsulated pigment were added 10 parts by mass of 
terminal amino-modified polysiloxane (modified silicone oil TSF4700, product of Toshiba Silicone Co., Ltd.) to conduct 
a reaction at 70°C for 2 hours. The reaction mixture was suspended in methanol, and the suspension was centrifuged 
(10,000 x g, 4°C, 20 minutes). This process was performed repeatedly, whereby the pigment was washed and dried 

50 to obtain red, green and blue coloring compositions having a graft chain of polysiloxane. 

[0274] The microencapsulated pigments described above were used to prepare coloring compositions in the same 
manner as in EXAMPLE 9. These coloring compositions were used to obtain a color filter in the form of a stripe of R, 
G and B in the same manner as in EXAMPLE 9. 
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EXAMPLE 12: 

Evaluation of microencapsulated pigment of EXAMPLE 11 : 

5 [0275] The volume average particle diameters and the volume average particle diameters after stored at room tem- 
perature for 30 days of the microencapsulated pigments in the respective red, green and blue coloring compositions 
of EXAMPLE 1 1 were measured in the same manner as in EXAMPLE 1 and COMPARATIVE EXAMPLE 1 . As a result, 
it was found that the volume average particle diameter of the microencapsulated pigment in the coloring composition 
exhibits almost the same values before and after the storage, and the microencapsulated pigments are excellent in 

10 shelf stability compared with the results of COMPARATIVE EXAMPLE 1 . 

[0276] The microencapsulated pigments were good in mechanical strengths water repellency, weather resistance 
and heat resistance. 

[0277] With respect to the color filters of EXAMPLE 11 , the same evaluation as in EXAMPLE 1 was made. As a 
result, it was revealed that the color filter is free of unevenness due to aggregation and exhibits good results in all the 
'5 adhesion, transparency, coloring property and contrast and hence has excellent properties compared with COMPAR- 
ATIVE EXAMPLE 1. 

[0278] The coloring compositions for color filters containing the microencapsulated pigment according to the present 
invention can be used in both hydrophilic and lipophilic coloring compositions. In particular, the hydrophilic coloring 
composition has features that the dispersed state of a pigment is stable without using any surfactant, and so aggregation 
20 js hard to occur, images good in transparency and coloring property and excellent in contrast can be formed since the 
microencapsulated pigment is fine, and the pigment density is high, and images formed are excellent in water fastness 
and adhesion to a substrate because the use of surfactants is reduced, and also has a merit that the production process 
thereof is simple and convenient. 
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SEQUENCE LISTING 

<110> CANON KABUSHIKI KAISHA 

<120> Coloring composition for color filters containing microencapsulated 

pigment composed of polyhydroxyalkanoate 

<130> CFO 16378 

<150> JP P200M33479 

<151> 2001-04 02 

<150> JP P2001-210058 

<151> 2001-07- 10 

<160> 12 

<170> Microsoft Word 
<210> 1 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 1 

tgctggaact gatccagtac 20 
<210> 2 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<400> 2 

gggttgagga tgctctggat gtg 23 
<210> 3 
<211> 1680 
<212> DNA 

<213> Pseudomonas cichorii YN2 ; FERM BP-7375 
<400> 3 

atgagtaaca agagtaacga tgagttgaag tatcaagcct ctgaaaacac 50 
cttggggctt aatcctgtcg ttgggctgcg tggaaaggat ctactggctt 100 
ctgctcgaat ggtgcttagg caggccatca agcaaccggt gcacagcgtc 150 
aaacatgtcg cgcactttgg tcttgaactc aagaacgtac tgctgggtaa 200 
atccgggctg caaccgacca gcgatgaccg tcgcttcgcc gatccggcct 250 
ggagccagaa cccgctctat aaacgttatt tgcaaaccta cctggcgtgg 300 
cgcaaggaac tccacgactg gatcgatgaa agtaacctcg cccccaagga 350 
tgtggcgcgt gggcacttcg tgatcaacct catgaccgaa gccatggcgc 400 
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450 
500 



cgaccaacac cgcggccaac ccggcggcag tcaaacgctt tttcgaaacc 
ggtggcaaaa gcctgctcga cggcctctcg cacctggcca aggatctggt 
acacaacggc ggcatgccga gccaggtcaa catgggtgca ttcgaggtcg 
gcaagagcct gggcgtgacc gaaggcgcgg tggtgtttcg caacgatgtg 600 



gtecccc agatcaacaa gttctacgtt ttc g acct g . 

g .cc gg a C aa g a g cct gg c g c gg t«ct g cc t^.acaa c gtg .aaac g 750 

g « g c g aaa tc C =acca. g M« •*■»"* "* 

g tc g ae«». ate,..**. tcaa gg aa g c Bjttgatgtc g tt,cc g c g a a~ 



900 
950 



gtCgaCCtac <i^&«"b — 

tcaccggcag caaagacgtg aacatgctcg gcgcctgctc cggcggcatc 
acttgcaccg cgctgctggg ccattacgcg gcgattggcg aaaacaaggt 
caacgccctg accttgctgg tgagcgtgct tgataccacc ctcgacagcg 1000 
atgttgccct gttcgtcaat gaacagaccc ttgaagccgc caagcgccac 1050 

etggatgcgccccaacgatctgatctggaactactgggtcaacaattacc 1150 
tgctaggcaa cgaaccgccg gtgttcgaca tcctgttctg gaacaacgac 200 
accacacggt tgcccgcggc gttccacggc gacctgatcg aactgttcaa 1250 
aaataaccca ctgattcgcc cgaatgcact ggaagtgtgc ggcaccccca 1300 
tcgacctcaa gcaggtgacg gccgacatct tttccctggc cggcaccaac 1350 
gaccacatca ccccgtggaa gtcctgctac aagtcggcgc aactgtttgg 1400 
cggC aac g tt gaattcgtgc tgtcga 6 cag cgggcatatc cagagcatcc 1450 
tgaacccgcc gggcaatccg aaatcgcgct acatgaccag caccgaag 1500 
g cggaaaatg ccgatgaatg gcaagcgaat gccaccaagc ataccgattc £60 

ctggtggctg cactggcagg cctggcaggc ccaacgctcg ggcgagctga 1600 

aaaagtcccc gacaaaactg ggcagcaag g cgtatccggc aggtgaagcg 1650 

gcgccaggca cgtacgtgca cgaacggtaa 

<210> 4 

<211> 1683 

<212> DNA 

<213> Pseudomoaas cichoriiYN2 ! FERM BP-7375 
<400> 4 

atgcgcgata aacctgcgag ggagtcacta cccacccccg ccaagttcat 
caacgcacaa agtgcgatta ccggcctgcg tggccgggat ctggtttcga 
ctttgcgcag tgtcgccgcc catggcctgc gccaccccgt gcacaccgcg 
cgacacgcct tgaaactggg tggtcaactg ggacgcgtgt tgctgggcga 
caccctgcat cccaccaacc cgcaagaccg tcgcttcgac gatccggcgt 
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150 
200 
250 
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50 



ggagtctcaa tcccttttat cgtcgcagcc tgcaggcgta cctgagctgg 300 
cagaagcagg tcaagagctg gatcgacgaa agcaacatga gcccggatga 350 
ccgcgcccgt gcgcacttcg cgttcgccct gctcaacgat gccgtgtcgc 400 
cgtccaacag cctgctcaat ccgctggcga tcaaggaaat cttcaactcc 450 
ggcggcaaca gcctggtgcg cgggatcggc catctggtcg atgacctctt 500 
gcacaacgat ggcttgcccc ggcaagtcac caggcatgca ttcgaggttg 550 
gcaagaccgt cgccaccacc accggcgccg tggtgtttcg caacgagctg 600 
ctggagctga tccaatacaa gccgatgagc gaaaagcagt attccaaacc 650 
gctgctggtg gtgccgccac agatcaacaa gtactacatt tttgacctca 700 
gcccccataa cagcttcgtc cagttcgcgc tcaagaacgg cctgcaaacc 750 
ttcgtcatca gctggcgcaa tccggatgta cgtcaccgcg aatggggcct 800 
gtcgacctac gtcgaagcgg tggaagaagc catgaatgtc tgccgggcaa 850 
tcaccggcgc gcgcgaggtc aacctgatgg gcgcctgcgc tggcgggctg 900 
accattgctg ccctgcaggg ccacttgcaa gccaagcgac agctgcgccg 950 
cgtctccagc gcgacgtacc tggtgagcct gctcgacagc caactggaca 1000 
gcccggccac actcttcgcc gacgaacaga ccctggaggc ggccaagcgc 1050 
cgctcctacc agaaaggtgt gctggaaggc cgcgacatgg ccaaggtttt 1100 
cgcctggatg cgccccaacg atttgatctg gagctacttc gtcaacaatt 1150 
acctgatggg caaggagccg ccggcgttcg acattctcta ctggaacaat 1200 
gacaacacac gcctgccggc cgccctgcat ggtgacttgc tggacttctt 1250 
caagcacaac ccgctgagcc atccgggtgg cctggaagtg tgcggcaccc 1300 
cgatcgactt gcaaaaggtc accgtcgaca gtttcagcgt ggccggcatc 1350 
aacgatcaca tcacgccgtg ggacgcggtg tatcgctcaa ccctgttgct 1400 
cggtggcgag cgtcgctttg tcctggccaa cagcggtcat gtgcagagca 1450 
ttctcaaccc gccgaacaat ccgaaagcca actacctcga aggtgcaaaa 1500 
ctaagcagcg accccagggc ctggtactac gacgccaagc ccgtcgacgg 1550 
tagctggtgg acgcaatggc tgggctggat tcaggagcgc tcgggcgcgc 1600 
aaaaagaaac ccacatggcc ctcggcaatc agaattatcc accgatggag 1650 
gcggcgcccg ggacttacgt gcgcgtgcgc tga 1683 
<210> 5 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR multiplication 
<400> 5 
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ggaccaagct tctcgtctca gggcaatgg 29 
<210>6 

b <211>29 

<212>DNA 

<213> Artificial Sequence 
10 <220> 

<223> Primer for PCR multiplication 
<400> 6 

cgagcaagct tgctcctaca ggtgaaggc 29 
<210>7 
<211> 29 
<212>DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR multiplication 
25 <400> 7 

gtattaagct tgaagacgaa ggagtgttg 29 
<210> 8 
<211>30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR multiplication 
<400> 8 

catccaagct tcttatgatc gggtcatgcc 30 
40 <210>9 

<211> 30 
<212> DNA 

<213> Artificial Sequence 

45 

<220> 

<223> Primer for PCR multiplication 
<400> 9 

50 cgggatccag taacaagagt aacgatgagt 30 

<210> 10 
<211>30 

55 <212> DNA 
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<223> Primer for PCR multiplication 
<400> 10 

cgatctcgag ttaccgttcg tgcacgtacg 30 
<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR multiplication 
<400> 11 

cgggatcccg cgataaacct gcgagggagt 30 
<210> 12 
<211> 30 



<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer for PCR multiplication 
<400> 12 

cgatctcgag gcgcacgcgc acgtaagtcc 30 



<213> Artificial Sequence 
<220> 
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Claims 



40 



1. 



A coloring composition for color filters, comprising a coloring material obtained by coating at least part of surfaces 
of pigment particles with polyhydroxyalkanoate, and a dispersion medium for the coloring material. 



45 



2. 



The coloring composition according to Claim 1 , wherein the polyhydroxyalkanoate is a polyhydroxyalkanoate hav- 
ing at least one monomer unit selected from the group consisting of the monomer units represented by the formulae 
[1]to[10]: 



50 



CH 2 )a 

{-0 — CH— CH— CO-} 



[1] 



55 



wherein the monomer unit is at least one selected from the group consisting of the monomer units in which the 
combination of R1 and "a" is any of the following combinations: 



a monomer unit in which R1 is a hydrogen (H) atom, and "a" is any one integer selected from 0 to 10; 
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a monomer unit in whK is a halogen atom, and "a" is any one integer sWed from J*™: 

a monomer unit in which R1 is a carboxy, group or a salt thereof, and "a" is ^^^^Z^' 

a monomer unit in which R1 is a chromophoric group, and "a" is any one integer selected from 1 to 10, and 



a monomer unit in which R1 is 



10 



15 



20 



25 



30 



35 



0 

/ \ 

-C-CH 2 
H 



and "a" is any one integer selected from 1 to 7; 




R2 



[2] 
|CH 2 )b 

— (— O CH— CH— CO-) — 

wherein "b" is any one integer selected from 0 to 7, and R2 is any one selected from the group consisting of a 
hydrogen (H) atom : a halogen atom, -CN, -N0 2> -CF 3 , -C 2 F 5 and -C 3 F 7 ; 
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|CH 2 )c 

-(-O — CH— CH— CO-)- 



[3] 



wherein V is any one integer selected from 1 to 8, and R3 is any one selected from the group consisting of a 
hydrogen (H) atom, a halogen atom, -CN, -NQ 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 ; 
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10 



15 




CH 2 )d 



{— O CH — CH' — CO— )- 



[4] 



wherein "d" is any one integer selected :from 0 to 7, and R4 is any one selected from the group consisting of i 
hydrogen (H) atom : a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 ; 



20 



25 



30 




jCH 2 )e 

-(— O — CH— CH— CO^- 



[5] 



35 wherein H e" is any one integer selected from 1 to 8, and R5 is any one selected from the group consisting of a 

hydrogen (H) atom, a halogen atom, -CN, -N0 2> -CF 3 , -C 2 F 5 , -C 3 F 7 -CH 3 , -C 2 H 5 and -C 3 H 7 ; 



40 



50 



CH 2 
(CH 2 )f 



(— O — CH— CH— CO-)- 



wherein "f" is any one integer selected from 0 to 7; 



[6] 



55 
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[7] 



wherein "g" is any one integer selected from 1 to 8; 




[8] 



(CH 2 )h 



O — CH— 



CH— CO- 



wherein "h« is any one integer se.ected from 1 to 7, and R6 Ms any one selected from the group «^«> 
hydrogen (H) atom, a halogen atom, -CN, -N0 2 , -COOR', -S0 2 R", -CH 3 , -C 2 H 5 , -C 3 H 7 JHghW* and C(CH^ 
in which R is any of a hydrogen (H) atom, Na, K, -CH 3 and -C 2 H 5 , and R" .s any of -OH, -ONa, -OK, a halogen 
atom, -OCH3 and -OC 2 H 5 ; 
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integer selected from 1 to 7, and R7 is any one selec 



wherein "i" is any dTre integer selected from 1 to 7, and R7 is any one selected from the group consisting of a 
hydrogen (H) atom, a halogen atom, -CN, -N0 2 , -COOR' and -S0 2 R", in which R' is any of a hydrogen (H) atom, 
Na, K, -CH 3 and -C 2 H 5 , and R" is any of -OH. -ONa, -OK, a halogen atonrv -OCH 3 and -OC 2 H 5 ; and 




[10] 



(CH 2 )j 



■{-0 — CH— CH— CO-}- 



20 wherein "j" is any one integer selected from 1 to 9. 

3. The coloring composition according to Claim 1, wherein the polyhydroxyalkanoate has a hydrophilic functional 
group. 

25 4. The coloring composition according to Claim 3, wherein the polyhydroxyalkanoate has an anionic functional group. 

5. The coloring composition according to Claim 4, wherein the polyhydroxyalkanoate has a carboxyl group. 

6. The coloring composition according to Claim 5, wherein the carboxyl group is introduced by at least one monomer 
30 unit selected from the group consisting of the monomer units represented by the formula 



COOH 
I 

(CH 2 )k 

-(-0 — CH— CH— CO-)— 



wherein "k" is any one integer selected from 1 to 10. 

7. The coloring composition according to Claim 2, wherein the monomer unit composition of the polyhydroxyalkanoate 
45 is changed in a direction from the inside of the coloring material toward the outside. 

8. The coloring composition according to Claim 2, wherein at least a part of the polyhydroxyalkanoate is a chemically 
modified polyhydroxyalkanoate. 

so g. The coloring composition according to Claim 8, wherein the chemically modified polyhydroxyalkanoate is a poly- 
hydroxyalkanoate having at least a graft chain. 

10. The coloring composition according to Claim 9, wherein the graft chain is a graft chain by chemical modification 
of a polyhydroxyalkanoate containing at least a monomer unit having an epoxy group. 



11. The coloring composition according to Claim 9, wherein the graft chain is a graft chain of a compound having an 
amino group. 
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12. Thecoloringcompos^ 
modified compound. 

13. The coloring composition according to Claim 12, wherein the terminal ^ n °- modified ^ 

compound selected from the group consisting of polyvinylamine, polyethylene.rn.ne and term.nal am.no-mod.f.ed 

polysiloxane. 

1 4. The coloring composition according to Claim 8, wherein at least a part of the polyhydroxya.kanoate is a crosslink 
polyhydroxyalkanoate. 

1 5 The colorina composition according to Claim 1 4, wherein the crosslinked polyhydroxyalkanoate is a polyhydroxy- 
2^ crosslinking'a polyhydroxyalkanoate containing at least a monomer un.t hav.ng an epoxy 

group. 

16 The coloring composition according to Claim 14, wherein the crosslinked polyhydroxyalkanoate is a 
Ilkanoate crosslinked by at least one selected from the group consisting of a diam.ne compound, succn.c anhy- 
dride, 2-ethyl-4-methylimidazole and electron beam irradiation. 

17. The coloring composition according to Claim 16, wherein the diamine compound is hexamethylenediamine. 

18. A process for producing a coloring composition for color filters containing a coloring materia, and a dispersion 
medium for the coloring material, which comprises the steps of: 

performing a synthetic reaction of a polyhydroxyalkanoate using a 3-hydroxyacy. CoA as a substrate in the 
presence of a polyhydroxyalkanoate-synthesizing enzyme immobilized on the surfaces of pigment particles 
dispersed in an aqueous medium, thereby coating at least a part of the surfaces of the p.gment part.cles wrth 
the polyhydroxyalkanoate to obtain a coloring material, and 
dispersing the coloring material in a dispersion medium. 

19 The production process according to Claim 1 8, wherein the polyhydroxyalkanoate is a P 0 '^^^^ 
nq at least one monomer unit selected from the g^ 

[i? to [' I oTand its corresponding 3-hydroxyacyl coenzyme A is any one of 3-hydroxyacy. coenzymes A represented 
by the formulae [12] to [21] 



R1 
I 

|CH 2 )a [1] 
— (-0 — CH— CH— CO-)— 



wherein the monomer unit is at least one selected from the group consisting of the monomer units in which the 
45 combination of R1 and a is any of the following combinations: 

a monomer unit in which R1 is a hydrogen (H) atom, and "a" is any one integer selected from 0 to 1 0; 
a monomer unit in which R1 is a halogen atom, and "a" is any one .nteger selected from 1 to 10 
amonomerunitinwhichRlisacamoxy.grouporasa.tthe^ 

a monomer unit in which R1 is a chromophoric group, and "a" is any one .nteger selected from 1 to 10, and 
a monomer unit in which R1 is 
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-C-CH 2 
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and "a" is an^^me integer selected from 1 to 7; 



10 



15 




[2] 



(CH 2 )b 

CH— CH— C0-}- 



20 



wherein "b M is any one integer selected from 0 to 7, and R2 is any one selected from the group consisting of a 
hydrogen (H) atom : a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 ; 



25 



30 



35 




[3] 



(CH 2 )c 



^— O CH — CH— CO-)- 
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wherein "c" is any one integer selected from 1 to 8, and R3 is any one selected from the group consisting of a 
hydrogen (H) atom : a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 ; 




[4] 



CH 2 )d 

CH— CH— CO-)— 



55 



wherein "d" is any one integer selected from 0 to 7, and R4 is any one selected from the group consisting of a 
hydrogen (H) aton% a halogen atom, -CN, -NQ 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 ; 
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15 



20 




CO 

'CH 2 )e 



[5] 



{— O — CH— CH— CO- )- 



wherein "e" is any one integer selected from 1 to 8, and R5 is any one selected from the group consisting of a 
hydrogen (H) atom, a halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 , -C 3 F 7 -CH 3 , -C 2 H 5 and -C 3 H 7 ; 
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CH, 



(CH 2 )f 



-(— O CH — CH— CO-)- 



[6] 



wherein T is any one integer selected from 0 to 7; 
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CH 2 )g 
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(— O CH— CH— CO-}- 



[7] 
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wherein "g" is any one integer selected from 1 to 8; 
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S [8] 

10 

CH 2 )h 

— (-0 — CH— CH— CO-)— 

15 

wherein "h" is any one integer selected from 1 to 7, and R6 is any one selected from the group consisting of a 
hydrogen (H) atom, a halogen atom, -CN, -N0 2 , -COOR', -S0 2 R", -CH 3 , -C 2 H 5 , -C 3 H 7> -CH(CH 3 ) 2 and -C(CH 3 ) 3 , 
in which R' is any of a hydrogen (H) atom, Na, K, -CH 3 and -C 2 H 5 , and R" is any of -OH, -ONa, -OK, a halogen 
atom, -OCH 3 and -OC 2 H 5 ; 

20 



R7 



30 




CCH 2 )i 

35 — {— O CH— CH— CO-)— 

wherein "i" is any one integer selected from 1 to 7, and R7 is any one selected from the group consisting of a 
40 hydrogen (H) atom : a halogen atom, -CN, -N0 2 , -COOR' and -S0 2 R*\ in which R' is any of a hydrogen (H) atom, 

Na, K, -CH 3 and -C 2 H 5 , and R" is any of -OH, -ONa, -OK, a halogen atom : -OCH 3 and -OC 2 H 5 ; and 

9 

s [10] 
(CH 2 )j 

— (-0 — CH— CH— CO-}— 

55 

wherein "j" is any one integer selected from 1 to 9; 
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OH 

R1 — (CH 2 )a— C-CH— CO— SCoA [1 2] 

wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and the combination of R1 and "a" is at least one 
selected from the group consisting of the following combinations and corresponds to the combmat.on of R1 and 
"a" in the monomer unit represented by the formula [1]: 

a monomer unit in which R1 is a hydrogen (H) atom, and "a" is any one integer selected from 0 to 10; 
a monomer unit in which R1 is a halogen atom, and "a" is any one integer selected from 1 to 10; 
a monomer unit in whichRI is a carboxyl groupor a salt thereof , and "a" is any one integer selected from 1 to 10; 
a monomer unit in which R1 is a chromophobe group, and "a" is any one integer selected from 1 to 10; and 
a monomer unit in which R1 is 



— C— CH, 
H 



and "a" is any one integer selected from 1 to 7; 



0H 

^ V-CHrCCHjb-CH-CHr-CO— SCoA [13] 




2 

R2^ ~ 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, »b» corresponds to »b" in the monomer unit represented 
by the formula [2] and is any one integer selected from 0 to 7, and R2 corresponds to R2 in the monome. -unit 
represented by the formula [2] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen 
atom, -CN, -NQ 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 ; 



OH 

\~ O (CH; 2 )c-CH— CH— CO— SCoA [14] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "c" corresponds to "c" in the monomer unit represented 
by the formula [3] and is any one integer selected from 1 to 8, and R3 corresponds to R3 in the monomer un.t 
represented by the formula [3] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen 
atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 ; 



OH 

\-CH r (CH 2 )d- 



CH-(CH 2 )d-CH— CH— CO— SCoA [1 5] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "d" corresponds to "d" in the monomer unit represented 
by the formula [4] and is any one integer selected from 0 to 7, and R4 corresponds to R4 in the monomer un.t 
represented by the formula [4] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen 
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atom, -CN, -N0 2 , -S^ 3 , -C 2 F 5 and -C 3 F 7 ; 

OH 




& - ^-CO-(CH 2 )e-CH-CH— CO— SCoA [1 6] 




R5 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "e" corresponds to "e" in the monomer unit represented 
by the formula [5] and is any one integer selected from 1 to 8, and R5 corresponds to R5 in the monomer unit 
represented by the formula [5] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen 
atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 , -C 3 F 7 -CH 3 , -C 2 H 5 and -C 3 H 7 ; 



OH 

^-CH-(CH 2 )f— CH— CH — CO— SCoA [17] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and T corresponds to "f in the :monomer unit 
represented by the formula [6] and is any one integer selected from 0 to 7; 

OH 

(T^— CO-(CH 2 )g-CH-CH— CO— SCoA [ 1 8] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid, and "g" corresponds to u g" in the monomer unit 
represented by the formula [7] and is any one integer selected from 1 to 8; 



OH 

// ^ V- s — (CH 2 )h-CH-CH— CO— SCoA [ 1 9] 



R6 




wherein -SCoA is a coenzyme A bonded to an alkanoic acid, "h" corresponds to M h" in the monomer unit represented 
by the formula [8] and is any one integer selected from 1 to 7, and R6 corresponds to R6 in the monomer unit 
45 represented by the formula [8] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen 

atom, -CN, -N0 2 , -COOR\ -S0 2 R", -CH 3i -C 2 H 5 , -C 3 H 7 , -CH(CH 3 ) 2 and -C(CH 3 ) 3 , in which R' is any of a hydrogen 
(H) atom, Na, K, -CH 3 and -C 2 H 5 , and R" is any of -OH, -ONa, -OK, a halogen atom, -OCH 3 and -OC 2 H 5 ; 

50 i OH 

£s V-C-S — (CH 2 )i— CH-CH— CO— SCoA [20] 



wherein -SCoA is a coenzyme A bonded to an alkanoic acid : "i" corresponds to "i" in the monomer unit represented 
by the formula [9] and is any one integer selected from 1 to 7, and R7 corresponds to R7 in the monomer unit 
represented by the formula [9] and is any one selected from the group consisting of a hydrogen (H) atom, a halogen 
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atom -CN, -NO* -COOrWs0 2 R", in which ff is any of a hydrogen (H) atorW, K, -CH 3 and -C 2 H 5; and R" 
is any of -OH, -ONa, -OK, a halogen atom, -OCH 3 and -OC 2 H 5 ; and 

ffV" S (CH^CH-OH— CO— SCoA [21 ] 

wherein -SCoA is a coenzyme A bonded to an a.kanoic acid^and "J" corresponds to "j" in the zmonomer unit 
represented by the formula [10] and is any one integer selected from 1 to 9. 

20. The production process according to Oiaim 18, wherein the polyhydroxyalkanoate has a hydrophi.ic functional 
15 group. 

21. The production process according* Cairn 20, wherein the po.yhydroxyalkanoate has an anionic functiona. group. 
22 The production process according to C.aim 21 , wherein the po.yhydroxya.kanoate has a carboxyl group. 

COOH 
I 

(CH 2 )k [11] 
— (- O — CH— CH— CO-}— 

wherein "k" is any one integer selected from 1 to 10; 

OH 

HOOG— (CHJk-^-C— CH— CO— SCoA [22] 



wherein -SCoA is a coenzyme A bonded to an aikanoic acid^and Tj- corresponds to V in the monomer unit 
represented by the formula [11] and is any one integer selected from 1 to 10. 

^ rHinn t _ r i aim -. 9 W herein the 3-hydroxyalkanoic acid unit composition of the poly- 

" ^^^^^^^^^^^^^^^ 

the composition of the 3-hydroxyacyl coenzyme A with time. 

25 The production process according to C.aim 1 9, which further comprises a step of chemically modifying at least a 
so part of the polyhydroxyalkanoate covering the pigment particles. 

26 The production process according to C.aim 25, wherein the step of chemica.iy modifying is a step of adding a graft 
chain to at least a part of the polyhydroxyalkanoate. 

28. The production process ,oco,* 9 ,e CU. 27, therein the ^yhydroxyalfcmoa.o is a poiyhydroxyalKaooa.a eon- 
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Tionomer unit havinq an epoxy group. 



taining at least a monomer unit having an epoxy group. 

29. The production process according to Claim 27 or 28, wherein the compound having a reactive functional group at 
its terminal is a compound having an amino group. 

5 

30. The production process according to Claim 29, wherein the compound having an amino group is a terminal amino- 
modified compound. 

31. The production process according to Claim 30, wherein the terminal amino-modified compound is at least one 
10 compound selected from the group consisting of polyvinylamine, polyethylene-imine and terminal amino-modif ied 

polysiloxane. 

32. The production process according to Claim 25, wherein the step of chemically modifying is a step of crosslinking 
at least a part of the polyhydroxyalkanoate. 

15 

33. The production process according to Claim 32, wherein the crosslinking step is a step of reacting at least a part 
of the polyhydroxyalkanoate with a crosslinking agent. 

34. The production process according to Claim 33, wherein the polyhydroxyalkanoate is a polyhydroxyalkanoate con- 
20 taining at least a monomer unit having an epoxy group. • 

35. The production process according to Claim 33 or 34, wherein the crosslinking agent is at least one compound 
selected from the group consisting of a diamine compound, succinic anhydride and 2-methyl-4-methylimidazole. 

25 36. The coloring composition according to Claim 35, wherein the diamine compound is hexamethylenediamine. 

37. The production process according to Claim 32, wherein the crosslinking step is a step of irradiating the polyhy- 
droxyalkanoate with electron beam. 

30 38. The production process according to any one of Claims 1 8 to 23, wherein the polyhydroxyalkanoate-synthesizing 
enzyme is a polyhydroxyalkanoate-synthesizing enzyme produced by a microorganism having the ability to pro- 
duce the enzyme or by a transformant obtained by introducing a gene that contributes to such producing ability 
into a host microorganism. 

35 39. The production process according to Claim 38, wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is a microorganism belonging to Pseudomonas sp. 

40. The production process according to Claim 39, wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is at least one microorganism selected from the group consisting of Pseu- 

40 domonas putida P91 strain (PERM BP-7373), Pseudomonas cichorii H45 strain (FERM BP-7374), Pseudomonas 

cichorii YN2 strain (FERM BP-7375) and Pseudomonas jessenii P1 61 strain (FERM BP-7376) 

41. The production process according to Claim 38, wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is a microorganism belonging to Burkholderia sp. 

45 

42. The production process according to Claim 41 , wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is at least one microorganism selected from the group consisting of Bur- 
kholderia cepacia KK01 strain (FERM P-4235), Burkhoideris sp. OK3 strain (FERM P-17370) and Burkholderis 
sp. OK4 strain (FERM P-17371). 

50 

43. The production process according to Claim 38, wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is a microorganism belonging to Aica/igenes sp. 

44. The production process according to Claim 43, wherein the microorganism having the ability to produce the pol- 
55 yhydroxyalkanoate synthesizing enzyme is Alcah'genes sp. TL2 strain (FERM BP- 691 3). 

45. The production process according to Claim 38, wherein the microorganism having the ability to produce the pol- 
yhydroxyalkanoate synthesizing enzyme is a microorganism belonging to Ralston/a sp. 
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no to Claim 45 wherein the microorganism hav"e ability to produce the pol- 
yhydroxyalkanoate synthes.z.ng enzyme .s Ralstoma ewropno 

alkanoate is from 1 ,000 to 10,000,000. 

r -rdina to Claim 48 wherein the molecular weight of the polyhydroxyalkanoate is from 
w 49. The coloring composition according to Claim 4B, wner 
3,000 to 1,000,000. 
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